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The invention concerns alginic acid esters in which all or only some of the carboxylic groups of the add 
are estenfied and the salts of the partial esters with metals or organic bases which are acceptable from a 
pharmacological point of view. 

The compounds possess interesting and valuable bioplastc and pharmaceutical qualities and may be 
6 used in numerous fields, from cosmetics to surgery and medicine. The invention also includes pharmaceuti- 
cal preparations containing as an active ingredient one or more alginic acid esters or one of their salts as 
descnbed above, as well as medicaments containing: 

1) a pharmacologically active substance or an association of pharmacologically active substances and 

2) a carrying vehicle comprising a total or partial ester of alginic acid 

TO The invention also includes various uses of alginic esters or the above mentioned medicaments, such 
as in the fields of medicine, surgery or cosmetics and a new procedure for the preparation of alginic acid 

6St6rS. 

Alginic acid is a natural acidic polysaccharide extracted above all from so^:alled brown algae 
(Phaecophyceae) with a high molecular weight varying between about 30.000 and 200.000, and containing 
chains formed by D-mannuronic acid and L^uluronic acid. The degree of polymerization varies according 
to ttie type of alga used for extraction, the season in which the algae were gathered and the place of origin 
of the algae, as well as the age of the plant itself. The main species of brown algae used to obtain alginic 
acid are. for example. Macrocystis pyrifera. Laminaria cloustoni. Uminaria hypefborea. Laminaria flexicaulis 

"-^n^'naria digitate. Ascophyllum nodosum. Fucus serratus . ' 

Alginic acid is found in these algae as an extensive constituent of the cell walls in the form of a mixture 
Of M)me of Its alkaline salts, of these especially sodium salt. This mixture is also known as "algin". These 
sans are normally extracted in aqueous conditions with a sodium carbonate solution and it is possible to 
obtain a ginic acid directly from ttiis extract by precipitation wlUi an acid, for example a mineral acid such as 
hydrochloric acid. An Indirect preparation procedure involves first making an insoluble calcium salt by 
adding a soluble calcium salt, such as chtoride. and after washing this salt, alginic acid is obtained again by 
u'eatment with an acid. 

Alginic acid or alkaline alginates may. however, also be obtained microbiologically. for Instance by 
fermentation with Pseudomonas aeruginosa or mutants of Pseudomonas putida . Pseudomon as fluorescens 
or Pseudomonas mendocina . — 

The metal salts of alginic acid, especially the alkaline and alkaline earth metal salts, have interesting 
chemical and physical properties and are therefore widely used in industry. Thus, for example, the solutions 
of alkaline or alkaline earth alginates are extremely suitable, due to their viscosity, and their adjustability by 
temperature and pH. for the preparation of gels which may be widely used in the food industry, for the 
preparation of ice creams, milk puddings and many other types of cakes and puddings. Another property 
which IS widely exploited in the field of alimentation Is the ability of alginates to retain water, and for this 
reason they are used for example for the conservation of many types of frozen foods. A tiiird property of 
alginates is their power to emulsify and to stabilise emulsions; for this reason too these salts are important 
in the food industry, where they are used for the preparation of condiments and for the stabilisation of many 
types of dnnk. such as beer or fruit juices, sauces and syrups. 

The ability of alginate solutions to form films and fibres has been exploited in the paper industry in 
making adhesive labels, in textile printing and dyeing, and in the preparation of sanitary, medical ^d 
surgical articles. Alginates are used as emulsifiers for the preparation of polishes, antifoam agents, lactics 
and as stabilisers in tiie ceramic and detergent industries (for a more detailed list see for example "The 
Polysaccharides-. Vol. 2. by Paul A. Sandford and John Baird, Copyright 1983 by Academic Press., Inc ) 

Alginic acid and its salts have also been used however in the pharmaceutical, medical, surgical and 
cosrnetic fields, for example for the preparation of medicaments for topical use and sanitary and surgical 
articles. For example the German Offenlegungsschrift 3 017 221 (20.11.1980). discloses an "artificial skin" 
for use in serious lesions of ttie skin, for example following bums, in which an ointment containing a soluble 
alginate of an alkaline metal is applied topically to the skin and treated in situ with a soluble calcium salt 
This caiees the fomiatton of insoluble calcium alginate, transfomning the layer of ointment into an easily 
tollerated biologically protective film, witii stnictural and mechanical physical characteristics similar to tiiose 
Of natural skin. 

Calcium alginate has been used for the manufacture of fibres for use in the pharmaceutical industry 
French patent application No. 2 418 821 (28.9.1979). Rumanian patent No.70 069 (30.6.1980) contains the 
descnption of a healing and antiseptic medicament for skin wounds, made from calcium alginate fibres 
thf^iT ^^11 used as a hemostatic agent in the form of bandages or gauzed containing fibres of 
the salt. Other medicaments based on calcium alginate are used for the treatment of sinoids. fistulas, and in 
the treatment of nosebleeds. In Galenism. sodium and calcium alginates are also used as disintegrators for 
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pills and sodium alginate Is also used for its binding properties 

ie^loS^^f 'J'"""!'^ """^ ^"^ ^2 47 858 and French Patent No. 

iQi;ix *u ^ Sterner, Industrial and Engineering Chemistry Vol43 dd 207-^ pott 

OBJECTS A ND SUMMARY OF THE INVENTION 

surgical use. The new esters according to the invenfen incU to d^erT^^^^^^ ZT""^ 

the partial esters the nonesterified cartwxylic groups may be SflS ^ r^lS n k ^"^^ 

these sa«s. as indeed the industrial articles^whicJcoirC 
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E TsteravailaS^t^r Y lirnetf^ylsutfoxide. making a large number of new 

Xr a^feLTof J u""^ °* monovalent alcohols, such as homologues of methyl 

usS'ateo TL J T- "'f'^'^- ^"^ heterocyclic alcohols. The new procedure may i 

Sen t ali^^^^^^^^ ^^"9 from substituted alcohols, in particuJ known esters^ 

« above.* rr.yra.'Ss'^srZ^^^^^^^ ^"^^^ « 

jSu^s^dSeS^e"^^^^^ 'Tf^' ^"'9'"' Ph-^aceutical articles, or foS 

?Sy rS^ir • """""^"^ «"«='<«"'"9 agents and 

esterU! Ipn.^fhr'^. °' '"^ "^"^ ^^'"''^ ♦«> Present invention, a new use for alginic 

S !If K . f ° '° ^^'^ and those already known This new us^s 

Tc^in but alL 1 f Ph^aceutically active substances, especially those witJ a topLTorZ rStL 
22 to ^I fuSn ofr".T Of known alginic esters of bivaS althili^ 

N?.!L *f . emulsifying agents, emulsion stabilisers, thickening agents and possibly related 

Sairtt,r^h«l'"''r? '^'^^'^ '^'^^"^ ^'^^^^ '"«"«o"«<' and respecJve p?^Icts 

rrlrrr-H?'^—-— ^^^^ 

glycoreSere'^S^.Tl"^'" mentioned soluble salts of alginic acid have been substituted by the aforesaid 
?eJel Of SihwTJf 5^ Propyten^lycol ester. In those cases in which it is essential to maintain a good 

as various industrial and scientific fields an 

perto^rrr^rthSrSnr.^^^^^^^ 
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The low level of toxicity of the esters of numerous monovalent alcohols of alginic acid according to the 
presen invention may t>e exploited mainly in the phamiaceutcal. cosmetic and sanitary-surgical fields 
where the new alginic esters may be used as biodegradable plastic materials with various functions as the 
case may be. TTius. for example, the alginic esters may be used as additives for the wide range of 
5 po ymenc matenals used for sanitary and surgical articles, such as polyurethanes. polyesters, polyolefins 
po yamide^ polysiloxanes, vinyl and acrylic polymers, with the effect of rendering these materials biocom- 
patible. In this case the addition of an alginic ester is carried out for example by coafing the surface of 
these matenals or by dispersion in the same or by a combination of both procedures. These materials may 
be used for ttie rnanufacture of various sanitary and medical articles such as cardiac valves, Intraocular 
NoT^^^S pace-makers and the like, including these types of articles discussed in U.S Patent 

In the cosmetic and pharmaceutical fields, the alginic esters of the invention may be used for the 
preparation of ointments, creams and other types of medicaments for topical application or cosmetic 
«f ."^L"^ as sunshield creams, where they act as stabilisers and emulsifiers having a greater degree 
of stability than alkaline alginates, especially with regard to higher temperatures, and a lesser degr^ of 
toxicity compared to glycol esters. In pharmaceuticals they may be used to the same advantage as 
disintegrators for pills or as a binding agent, but above all. according to a particularly important asMct of 
ttie present invention, as a vehicle for pharmacologically active substances, especially those for topical use 
This vehicling action of the new esters may be carried out various ways, specifically including- 
sib^^(S'""' ^'^^ ^ associated mechanically, physically mixed with the active 

2) the alginic ester (partial) is salified with the active substance; and 

3) the alginic ester is esterified with an alcohol which represents the active substance 
^TJl^"" m rif*'°"'' «''"binaUons of the same may be used, for example a combination (1) 

H ^2 ■ ^ ''^'^ °' ^ " '« possible to vary and combine the alcohol 

residues in the alginic ester, or the basic component in the salts, and it is possible to have esters of a 
mixed character, in which the alcohol residues derive partly from pharmacologically inactive alcohols and 
partly from active alcohols, and the same is true of the salts. It is possible to have in the same ester both 
inactve basic residues, as in the case of metallic salts, and residues of therapeutically active organic bases. 

A first group of esters according to the present invention suitable for use in the above mentioned 
!!IIf ^TT' ^ ^^"^^ printing industries, and in the preparation of 

wh l^K surgical articles, detergents, household articles, etc.. is represented by those esters in 

^'^'"''^ component are the properties to be exploited. These esters derive from 
alcohols of the aliphatic, aromatic, araliphatic. cycloaliphatic or heterocyclic series which have no toxic or 
pharmacological action, such as for example the saturated alcohols of the aliphatic series or simple alcohols 
of the cycloaliphatic series. Examples of these ateohols are mentioned hereinafter 

A second group of esters for use in therapy is represented by the esters in which the pharmacological 
qualities of the alcohol component are dominant, that is, alginic acid esters with pharmacologically active 
alcohols, such as steroidal alcohols, such as those of the cortisone type. These esters possess properties 
which are qualitatively similar to those of the alcohol, but with a wider range of actkMi. B^en as compared to 
already known esters of such phamiaceutically active alcohols the alginic esters ensure a more balanced 
constant and regular pharmacological action and generally cause a marked retard effect of the active 
alcohol component. 

A third group of alginic acid esters according to the present invention, and representing a particularly 
onginal and useful aspect of the same, is that of the esters of a more mixed character compared to the two 
previous groups. That is, esters in which part of the carboxylic groups of alginic acid are esterified with a 
pharmacologically active alcohol and another part with a pharmacologically indifferent alcohol, or the activity 
of which IS negligible. By suitably dosing the percentages of the two types of alcohol as the esterifyinq 
component, it is possible to obtain esters with the same activity as the pharmacologically active alcohol and 
having those qualities mentioned above of increased stability and bioavailability compared to the desired 
and charactenstic activity of the pharmacologically active alcohol and due to the ester groups of the 
pharmacologically inert acid. 

A fourth group of esters is represented by those of a mixed character in which the ester groups derive 
from Wvo different therapeutcally active substances. In this case also the esters may be partial or total that 
IS. only some cartjoxylic groups derive from two different therapeutically active alcohols, for example from a 
cortisone steroid and from an antibiotic, while the other groups may be free or salified, for example with 
a^kabne metals, above all sodium, or all the carboxylic groups are esterified with the above mentioned 
alcohols. It IS possible however to prepare esters with three or more alcoholic components, for example 
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esters in which a part of the carboxylic groups are esterlfied with a therapeutically active alcohol, another 
part with another therapeutically active alcohol, a third part with a therapeutically Inactive alcohol and a 
fourth part Is possibly salified with a metal or with a therapeutically active or inactive base, or it is in a free 
form. 

5 Most of the esters of alginic acid, in contrast to its salts, present a certain degree of solubility in organic 
solvents. This solubility depends on the percentage of esterified carboxylic groups and on the type of alkyi 
group bound to the carboxyl. For example, a total ester of alginic acid thus obtained presents at room 
temperature good solubility, for example, in dimethylsulfoxide. The total esters which are all new and are a 
particular object of the present invention, present on the ottier hand poor solubility in water. Thus, for 

10 example, the total esters of monovalent alcohols, such as lower and higher alkyI esters, are not very soluble 
or Insoluble in water and aqueous solutions but also the new total esters of bivalent alcohols, such as the 
total ester of the glycols, such as ethyleneglycol, propyleneglycol. ti-imethyleneglycol, butyleneglycol. 
isobutyleneglycol. 

These solubility characteristics, together with the marked viscoelastic properties of esters, make them 
15 suitable for use in the manufacture of sanitary and medical articles which are Insoluble in saline and have 
the particular desired form. Such articles may be prepared for example by dissolving an ester of alginic 
acid in an organic solvent, giving the extremely viscous solution the form of the desired article and lastly by 
extracting the organic solvent with another solvent which can be mixed with the first, but In which the alginic 
acid ester is insoluble, for example an alcohol or water. 
20 In all the above mentioned esters In which carboxy acid groups remain free, these may be salified witii 
metals or with organic bases, for example with alkaline or alkaline eartii metals or with ammonia or azotized 
organic bases. 

The invention includes the industrial use of the new alginic esters in all the aforementioned sectors, 
especially in the alimentary, cosmetic, pharmaceutical and medical fields, in the manufacture of household 

25 and industrial articles, especially for the manufacture of sanitary and surgical articles. 

The invention includes also the use of alginic esters in general, that Is the new ones and those already 
described in literature, for the new applications described here, for example their use as vehicles for 
pharmacologically active substances, botii in the form of alginic esters with therapeutically active alcohols, 
and as alginic esters of inert alcohols to mix with therapeutically active substances, or with therapeutically 

30 active bases as well as the pharmaceutical medicaments or preparations resulting from this use of alginic 
esters. In all cases the free cart)Oxy groups may be salified witii inactive but therapeutically acceptable 
bases. 

The invention further includes all the industrial articles or pharmaceutical preparations mentioned above. 

The main object of the present invention is therefore represented by the total or partial esters of alginic 
35 acid with alcohols of the aliphatic, araliphatic, cycloaliphatic or heterocyclic series and by tiie salts of such 
partial esters with inorganic or organic bases, with the exception of the partial esters of bivalent aliphatic 
alcohols. 

A second object of the Invention is represented by a new procedure for the preparation of alginic esters 
characterised by the treatment of a quaternary ammonium salt of alginic acid with an etherifying agent in an 
40 aprotic solvent, and. if desired, by the salification of the free carboxy groups with inorganic or organic 
bases, and the partial alginic esters thus obtained. 

A third object of the invention is represented by the use of the new alginic esters and their salts, in 
substitution of the metal alginates or of the alginates of aliphatic bivalent alcohols, in the respective 
Industrial sectors or in their applications in the cosmetic, pharmaceutical or Sanitary-surgical fields, and by 
45 the respective products or industrial articles. 

A fourth object of the invention is represented by the use of alginic esters as vehicles for pharmaceuti- 
cally active substances and by pharmaceutical preparations or medicaments containing: 

1) a pharmacologically active substance or an association of pharmacologically active substances: and 

2) a carrying vehicle containing a total or partial ester of alginic acid or salts of such partial esters with 
50 Inorganic or organic bases, or pharmaceutical preparations or medicaments containing an alginic ester 

possibly salified with Inorganic or organic bases, in which at least one ester group or a salified carboxy 
group derives from an alcohol or respectively from a therapeutically active base. 

Alcohols Useful in Making the New Esters : 

55 

Alcohols of the aliphatic series for use as esterifying components of the carboxy groups of alginic acid 
according to the present invention are, for example, those with a maximum of 34 carlwn atoms, which may 
be saturated or unsaturated and which may possibly also be substituted by other free or functionally 
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modified groups, such as amino, hydroxy, aldehyde, keto. mercapto. carboxy groups or by groups derivirm 
from the same, such as hydrocarbyl or dihydrocarbylamino (hereatter the term "hydrocarbyr should be 
taken to mean not only monovalent radicals of hydrocarbons such as the C„H2„+, type, but also bivalent or 
tnva^ent radicals, such as "alkylenes" - C„H2„ - or -alkylidenes" = C„H2„). ether or ester groups, acetal or 
s ketal groups, thio-ether or thioester groups and esterlfied carboxy groups or carbamldic or carbamidic 
groups substituted by one or two hydroxy groups, by nitrile groups or by halogens. 

In the above groups containing hydrocarbyl radicals these are preferably lower aliphatic radicals, such 
as alkyls. with a maximum of 6 carbon atoms. These ateohols may also be interupted in the carbon atom 
Chain by heteroatoms. such as oxygen, nitrogen and sulfur. Preference is given to alcohols substituted with 
10 one or two of the aforesaid functional groups. 

Alcohols of the above group to be used preferentially within the terms of the present invention are those 
wrth a maximum of 12 and especially with a maximum of 6 carbon atoms and in which the hydrocarbyl 
radicals in the above mentioned amino, ether, ester, thioether. thioester. acetal. ketal groups representing 
aikyl groups with a maximum of 4 carbon atoms, and also in the esterified carboxy or substituted 
carbamidic groups the hydrocarbyl groups are alkyls with the same number of carbon atoms, and in which 
the ammo or carbamidic groups may be alkyleneamino or alkylenecarbamidic groups with a maximum of 8 
carbon atoms. Of these alcohols those to be mentioned first and foremost are the saturated and 
unsubstituted ones such as methyl, ethyl, propyl, isopropyl alcohols, n-butyl alcohol, isobutyl. tert-butyl 
alcohols, amyi, pentyl. hexyl. octyl. nonyl. and dodecyl alcohols and above all those with a linear chain such 
as n-octyl or n-dodecyl alcohols. Of the substituted alcohols of this group the bivalent alcohols should be 
listed, such as ethyleneglycol. propylene glycol or butylene glycol, the trivalent alcohols such as glycerin 
aldehydo alcohols such as tartronic alcohol, carboxy alcohols such as lactic acids, for example «- 
oxypropionic acid, glycolic acid, malic acid, tartaric acids, citric acid, aminoalcohols. such as aminoethanol 
aminopropanol. n-aminobutanol and their dimethyl and diethyl derivatives in the aminic function, choline.' 
pyrrolidinylethanol. piperidinylethanol. piperazinylethanol and the corresponding derivatives of n-propyl or n- 
butyl alcohols, monothioethyleneglycol or its alkyi derivatives, for example the ethyl derivative in the 
mercapto function. 

Of the higher saturated aliphatic alcohols, those worthy of special mention are for example cetyl alcohol 
and myricyl alcohol, but especially Important for the purposes of the present invention are the higher 
unsaturated alcohols with one or two double bonds, such as especially those contained in many ess^tial 
oHs and having an affinity with terpenes such as citronellol. geraniol. nerol, nerolidol, linalool. farnesol 
phytol. 

Of the lower unsatorated alcohols consideratfon should be given to propargyl alcohol 
Of the araliphatic ateohols those to be mentioned above all are those with only one benzene residue 
and in which the aliphatic chain has a maximum of 4 carbon atoms. In which also the benzene residue may 
be substituted by between 1 and 3 methyl or hydroxy groups or by halogen atoms, especially chlorine 
bromine or iodine and In which the aliphatic chain may be substituted by one or more functional groups 
selected from the group consisting of free amino groups or mono- or dimethyl groups or by pyrrolidine or 
pipendine groups. Of these afcX)hols. benzyl alcohol and phenethyl alcohol are especially prefen-ed. 

The alcohols of the cycloaliphatic or aliphatic cycloallphatic series may derive from mono or polycyclic 
hydrocarbons and may have a maximum of 34 carbon atoms. Of the alcohols derived from cyclic 
monoanular hydrocarbons special mention should be given to those with a maximum of 12 carbon atoms 
wth nngs containing preferably between 5 and 7 carbon atoms, possibly substituted for example by 
between one and three lower alkyI groups, such as methyl, ethyl, propyl or isopropyl groups. Specific 
alcohols of this group are cyclohexanol. cyclohexanediol. 1. 2. 3 cyclohexanetrlol and 1. 3, 5 cyclohex- 
anetnol (phloroglucitol), inositol, the alcohols deriving from p-menthane such as carvomenthol. menthol a 
and y terpineol. 1-terpineol. 4-terpineol and piperitol. or a mixture of these alcohols known as "terpineol" 
1,4-and 1.8-terpin. Alcohols deriving from hydrocarbons with condensed rings are. for example, those of the 
hujane. pinane. camphane groups, particularly thujanol. sabinol pind hydrate. D and L-borneol and D and 
50 L-isoborneol. 

Polycyclic aliphatic cycloaliphatic alcohols for use in obtaining the esters of the present invention are 
sterols, cholic acids and steroids, such as sexual hormones and the synthetic analogues, in particular 
corticosteroids and their derivatives. Thus for example it Is possible to use: cholesterol, dihydrocholesterol. 
epidihydrocholesterol. coprostanol, epicoprostanol. sitosterol, stigmasterol. ergosterol. cholic acid, deox- 
55 ycholic acid. Iithocholic acid, estriol. estradiol, equilenin. equilin and their alkyI derivatives, as well as their 
ethynyl propynyl derivatives in position 17. for example 17-«-ethynyl-estradiol or 7-«-methyl-17a -ethynyl- 
e^iol. pregnenolone, pregnanediol. testosterone and its derivatives, such as i7-a -methyltestosterone 
i.z-dehydrotestosterone and 17a -methyl-l.2-dehydrotestosterone. the alkyI derivatives in position 17 of 
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lorll T\^. 1.2-dehydrotestosterone. such as 17a-ethynyltestosterone. 17a-propynyltestosterone. 
norgesfrel. hydroxyprogesterone. corticosterone, deoxycorticosterone. 19-nortestosterone. 19-nor-l7a- 
methyltestosterone and 19^or-17a -ethynyltestosterone. cortisone, hydrocortisone, prednisone, pred- 
r^isolone. fludrocortisone, dexametasone. betamethasone, paramethasone. flumethasone. fluocinolone. 
fluprednylidene clobetasol. beclomethasone. aldosterone, deoxycorticosterone, alphaxolone. alphadolone 
Dolasterone and anti-hormones such as cyproterone. 

Useful as esterifying componenets for the esters of the present invention are genins (aglycons) of 
^^'S?"^ fl'ycosides. such as digitoxigenin. gitoxigenin. digoxigenin. strophantidin. tigogenin and 

Other alcohols to be used according to the invention are the vitamin ones, such as axerophthol 
vitamins Dz and Da. aneurlne. lactoflavine. ascorbic acid, riboflavine. thiamine, pantothenic acid. 

Of the heterocyclic alcohols, the following are preferred: furfuryl alcohol, allcaloids and derivatives such 
as atropine, scopolamine, cinchonine. cinchonidine. quinine, morphine, codeine, nalorphine. N-butyl- 
scopo ammonium bromide, ^maline; phenyletfiylamines such as ephedrine. isoproterenol, epinephrine; 
phenothiaane drugs such as perphenazine, pipothiazine. carphenazlne. homofenazine. acetophenazine 
fluphenazine. N-hydroxyethylpromethazine chloride; thioxahthene. drugs such as flupenthixol. clopenthixol' 
anticonvulsivants such as meprophendlol. antipsychotic drugs such as opipramol; antiemetics such a^ 
oxypendyl; analgesics such as carbetidlne. phenoperidine and methadol; hypnotics such as etodroxizine- 
anorexics such as benzhydrol and diphemethoxidine; minor tranquilizers such as hydroxyzine; muscle 
relaxante such as cinnamedrine. diphylline. mephenesin. methocartwmol. chlorphenesin. 2.2-dlethyl-i 3- 
propanediol guaifenesin, idrocilamide; coronary vasodilatators such as dipyridamole and oxyfedrine- ad- 
renergic blockers such as propanolol. timolol, pindolol, bupranolol. atenolol, metoprolol. practolol' an- 
tineoplastics such as 6-azaurldine. cytarabine. floxuridine; antibiotics such as chloramphenicol, thiam- 
phenicol. erythromicin. oleandomycin, lincomycin; antivirals such as idoxuridine; peripheral vasodilators 
such as isonicotinyl alcohol; cartjonic anhydrase inhibitors such as sulocarbilate; anti-asthmatics and anti- 
inflammatones such as tiaramide; suHamidics such as 2-p-suifanylanilinoethanol. 

The total and partial esters of alginic acid according to the invention have the following general formula- 




wherein R and are each independently hydrogen or an alcoholic moiety selected from the group 
consisbng of aliphatic, araliphatic, cycloaliphatic and heterocyclic radicals and pharmaceutically acceptable 
salts thereof with the proviso that said partial ester is not a partial ester of a bivalent alcohol. 

As discussed above, in some cases alginic acid esters in which the ester groups derive from one or 
more hydroxy substances with therapeutic action, may be of special interest, and naturally all possible 
vanations of the same. Especially interesting are those substances in which are present two different types 
of ester groups deriving from drugs of a hydroxy character and in which the remaining carboxy groups are 
ree. sahfied with metals or with one or several of the bases listed below, possibly also bases which are 
themselves therapeutically active, for example with the same or a similar activity as that of the esterifying 
component. In particular. H is possible to have alginic esters deriving on the one hand from an anti- 
inflammatory steroid, such as one of those mentioned above, and on the other hand from a vitamin, from an 
aiKaioid or from an antibiotic, such as one of those listed here. 

The degree of esterification of alginic acid with the above mentioned alcohols depends first and 
oremost on the special properties desired for the various fields of application. For example a greater or 
lesser d^ree of lipophifia or hydrophilia with regard to such tissues, for example the skin. Usually, a high 
degree of estenficaton to the point of total esterification of alginic acid increases its lipophilic character and 
therefore decreases its solubility in water. For a use in therapy of the new esters of this imrentkin. for 
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example, It Is of the utmost Importance to regulate the degree of esteriflcatlon In order to ensure, despite 
good and Increased lipophilla compared to metal alginates, a sufficient degree of hydrosolubility. for 
example a solubility of 10 mg/ml. Naturally it is necessary to consider also the Influence of the molecular 
size of the same esterifying component, which usually has an inversely proportional influence on 
6 hydrosolubility. 

As has been said previously, esterification of the carboxy groups of alginic acid may play several roles, 
to be exploited in various fields, for example in medicine, using the esters as therapeutic agents or in 
surgery using them as plastic articles. For use In therapy we have already said that esterification of an 
alcohol can in itself be considered therapeutically active, such as anti-inflammatory corticosteroids for 
10 example, with alginic acid as a means of improving therapeutic efficacy. 

With regard to similar therapeutically active alcohols alginic acid acts therefore as a particularly efficient 
vehicle which is perfectly compatible witii the biological environment. Many of these pharmacologically 
active alcohols appear in the above list of alcohols for use in esterification according to the present 
invention and the possible applications of the con^esponding esters therefore are evident, since their 
T5 indications are the same as those for the free alcohols. Again, as has already been said, in partial esters 
with therapeutically active alcohols It is possible to esterify part or all of the remaining carboxy groups of 
the alginic component with pharmacologically inert alcohols, such as for example saturated lower aliphatic 
alcohols, for example ethyl or isopropyl alcohols. 

One particularly interesting aspect of the present invention is the possibility of preparing more stable 
20 drugs than those available up till now. It is possible for example to obtain drugs with a "retard" action with 
alginic esters with therapeutically active alcohols, possibly salified also with therapeutically active bases. 

For cosmetic purposes it is preferable to use total or partial esters of alginic acid with pharmacologically 
inert alcohols, for example saturated or unsaturated aliphatic alcohols, for example unsubstituted alcohols of 
this type with straight or ramified chains, for example between 1 and 8 carbon atoms, such as those 
25 specifically mentioned. Of particular Interest also are unsaturated alcohols, for example with one or more 
double bonds, such as vinyl or ally! alcohols and tiie condensed derivatives, such as especially polyvinyl 
alcohol or polyvalent alcohols, such as glycerin. In this case also mixed esters may be used, according to 
the particular use for which they are intended. 

Cycloaliphatic alcohols are also useful, for example those derived from cyclopentane or cyclohexane 
30 and from their derivatives substituted by lower alkyi groups, for example alkyls with between 1 and 4 
carbon atoms, especially from methyl groups. Particularly interesting are esters with cycloaliphatic and 
aliphatic-cycloaliphatic alcohols derived from terpenes. such as tiiose mentioned above and from 
tiierapeutically active alcohols, which can otiierwise be used in cosmetics. 

The alcohols to be used preferably for the manufacture of sanitary and surgical articles are essentially 
35 the same as those mentioned above for cosmetic use. 

In the esters according to tiie invention the percentage of esterified groups may vary a great deal 
according to the Intended use of the product, and this above all with regard to the use in the various fields 
of application mentioned above. 

Thus, for example, for the manufacture of sanitary-surgical articles it is preferable to use total or partial 
40 esters with a high grade of esterification. for example between 80% and 100% of all the carboxy groups 
present. 

Of particular interest also are those partial esters in which at least 5% and at the most 90% of all the 
carboxy groups of alginic acid are esterified, and especially those with a percentage of between 50 and 
80%, to be used preferably for alimentary, cosmetic and pharmaceutical purposes. 

45 In the mixed partial esters the ratio between the number of different types of ester groups may of 
course vary. For example In the case of two types of such groups, tiie ratio varies preferably between 0.1:1 
and 1:0.1, and tills is ti-ue also of total esters. For those esters intended for ttierapeutic purposes the ratio 
varies preferably between 0.5:1 and 1:0.5. These ratios are also valid In the case of total esters and. in the 
case of partial esters, are to be taken preferably with reference to the above mentioned percentages 

50 regarding the inclusive number of esterified groups. 

Basic Compounds Useful in Making Salts of the New Partial Esters : 

In the partial esters of the invention the non-esterified carboxy groups may be kept free or may be 
55 salified. The bases for the formation of these salts are chosen according to the ultimate end use of the 
product. Inorganic salts may be formed from alkaline metals, such as potassium and In particular sodium 
and ammonium, or deriving from alkaline earth metals such as calcium or magnesium or aluminium salts. 
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Of iMrtcular interest are the sahs with organic bases, especially azotized bases and. therefore, aliphatic, 
araliphatc. cycloaliphatic or heterocyclic amines. These ammonium salts may derive from therapeutically 
acceptable amines or nontoxic but therapeutically inactive amines, or from amines with a therapeutic acUon. 
orme first type, preferred are aliphatic amines, for example mono-, di- and tri-all<ylamines with alkyi groups 
with a maximum of 8 carbon atoms or arylalkylamlnes with the same number of carbon atoms in the 
aliphaic part and where aryl means a benzene group possibly substituted by between 1 and 3 methyl 
groups or halogen atoms or hydroxy groups. The biologically inactive bases for the formation of the salts 
may also be cyclic, such as monocyclic alkyleneamin^ with cycles of between 4 and 6 carbon atoms 
possibly interupted in their cycle by heteroatoms chosen from the group formed by nitrogen, oxygen and 
sulphur, such as piperazlne or morpboline. or may be substituted, for example by amino or hydroxy 
functions such as aminoethanol. ethylenediamol. ethylenediamine. ephedrine or choline. 

It is also possible to form quaternary ammonium salts of partial esters, for example the salts of 
etraalkylammonium with the above said number of carbon atoms and preferably salts of this type in which 
the fourth alkyI group has between 1 and 4 carbon atoms, for example a methyl group 

The biologically active amines to be used for salification and whose therapeutic action may be put to 
use are all known azotized and basic drugs such as those in the following groups: 
alkaloids peptides, phenothiazine, benzodiazepine, thioxanthenes. hormones, vitamins, anticonvulsivants 
antipsychotics, antiemetics, anesthetics, hypnotics, anorexics, tranquilizers, muscle relaxants, coronary 
vasodilators, antineoplastics, antibiotics, antibacterials. antivirals. antimalarials, carbonic anhydrase inhibi- 
tors, nonsteroid anft-inflammatories. vasoconstrictors, cholinergic agonists, cholinergic antagonists, adrener- 
gic agonists, adrenergic antagonists, narcotic antagonists. 

Samples of specific useful drugs are all those drugs mentioned above having azotized basic groups 
regarding the alginic esters with therapeutically active alcohols or those mentioned hereafter in this text for 
example the various antibiotics. 

Use of the New Esters as a Drug Vehicle : 

Sallficaton of the partial esters with the aforesaid therapeutically active bases and the use of such salts 
represents a partcular case of alginic esters functioning as a vehicle, obtainable by the simple addition to 
the active substance of partial or total esters or their salts with one of the above mentioned therapeutically 
acceptable but biologically inactive substances, above all with alkaline metals, for example sodium 

The vehicling action of alginic esters therefore opens up possibilities for new medicaments wherein the 
components are: 

1) a pharmacologically active substance or an association or mixture of two or more of such substances- 
and ' 

2) an alginic ester as described above or one of its salts. 

These medicaments are a further object of the invention. The alginic esters for use in these medicaments 
are above all those in which the esterifying alcohol is itself not pharmacologically active, for example a 
simple aliphatic alcohol, as described above. Included in the invention however are medicaments of this 
nrpo in which the ester is also pharmacologically active, for example in the case of one of the esters 
descnbed above denving from pharmacologically active alcohols. 

In such medicaments, if partial esters of alginic acid are used, the possible salification of the remaining 
carboxy groups is carried out preferably with therapeutically neutral inorganic or organic bases, especially 
with alkaline metals, such as sodium or ammonium. In cases where the active substance (1) or a 
corresponding association of substances have basic groups, such as for example antibiotics containinq 
ammo groups, and if partial esters of alginic acid are used with remaining free carboxy groups, a salt is 
fomied between the free carboxy groups of alginic acid and those basic substances. The basic substance 
rnay of course be excessive, thus having basic salts. The new medicaments therefore include in particular 
the partial esters of alginic acid partially salified with pharmacologically active substances of a basic 
character, as described above. The nonesterified carboxy groups may also be salified with therapeutically 
active bases in the case of the vehlcled substance being of a nonbasic nature. 

The use of alginic esters as a vehicle is particularly useful in ophthalmology, where it is possible to 
observe a particular compatibility of the new products with the corneal epithelium, thereby showing 
excellent tolerability. witti no sensitization effects. Furthem>ore. when the medicaments are administered in 
the form of concentrated solutions with elastic-viscous characteristics or in solid form, it is possible to obtain 
on the corneal epithelium perfectly transparent homogenous and stable films with excellent adhesive 
qualities, guaranteeing prolonged bioavailabilitiy of the drug and therefore representing first class products 
wim a retard effect These ophthalmic medicaments are especially valuable in the veterinary field 
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ri%"C«te?deSU^^^ "P^"'^'"'^ ^'"'--g che,r,ical agents. 

range 'of aZ? 1 rS iJoiTL" oa^Lr'^^'Hr ""^""^^ '''"^ «^ ^ 

the case tor eyflmnr/ ^, . P^'C"'ar conditions in which treatment must take place This is 

s Z 9iv:^TZwZTLT'^ - ^''cS 

precisely in cattl« ^T^. ^ '^'^ ^"^'^^ specific etiological factors More 

Sheep. RicKet^ and^^^ ^Si^in flS " '"""^ ^""^^ ^'"P'^^ 

exudate LluS an?ke^?s o^^^^^^^ and excessive watering of the eye. followed by pumlem 
production. Su^y sluTar^ tJe c„^^^^^^ wrth high temperature, reduced appetite and milk 
perforation of the JomLI^ Ti^ .,- f^^*' ^^9es may even result in 

ZJ^Z Zld on^S Illn ~T '""^ ^ ''^y^ *° A wide range of 

IS anti-Sm^riesra^ syl^eSfv"^^^^^^ 

now it has not iLn pSie t^^^^^ preparations in use up till 

"Austr.vetJ.." 19^^"^ (3? p7g^%°P*«^^""°'°9V ''^^^ example been described by Slatter et al. in 

invention, the pharmacologically active suteK m f, fi^ln / °"®.P^""«^ ^Pe« of the present 

antibacteria.. aTirZmr h^e filK^^^^^ ""^'^'f' vasoconstrictor, 

miotic. anti-lnflammatory^LrLZl:'^^^^^ "^""^ ^-^^^^ 

Component (1) may aJso be. according to the invention an a<«ftria«r.r. k ^ 
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gentamycin, tetracycline. 

In dermatology It Is possible to use as active component (1) associations of various antibiotics, such as 
erjrthromycin. gentamycin. neomycin, gramicidin, polymyxin B. between themselves, or such antibiotics with 
anti-inflammatory agents, for example corticosteroids, for example hydrocortisone + neomycin hydrocor- 

s bsone + neomycin + polymyxin B + gramicidin, dexamethasone + neomycin, fluorometholone + 
neomycin, prednisolone + neomycin, triamcinolone + neomycin + gramicidin + nystatin, or any other 
association used in conventional dermatological preparations. The associations of various active substances 
are not of course limited to these fields, but in all the above sectors of medicine it is possible to use 
associations similar to those already in use for the pharmaceuHcal preparations known to the art 

10 In the case refered to above wherein the substance (1) Is of a basic character, the salts formed with a 
partial alginic ester may be of various types. That is. all of the remaining carboxy groups may be sallfied or 
only an aliquot portion thereof, and esters are therefore obtained - acid salts, or esters - neutral salts The 
number of acid groups to be kept free may be important for the preparation of medicaments with a 
particular pH. 

15 According to one particular aspect of the inventon it is possible to prepare the medicaments of this 
type starting with the previously isolated and possibly purified salts and. in their solid anydrous state as an 
amorphous powder, which on contact with the tissue to be treated constitute a concentrated aqueous 
solution of a gelatinous character with viscous consistency and elastic properties. These qualities are 
maintained also at stronger dilutions and it is therefore possible to use. instead of the above anhydrous 
satts solutions more or less concentrated in water or saline, possibly with the addition of other exciplents or 
additives, such as other mineral salts to regulate the pH and osmotic pressure. It is also possible of course 
to use salts for the preparation of gels, inserts, creams or ointments, containing other exciplents or 
ingredients used in traditional formulations of these pharmaceutical preparations. 

According to a main aspect of the invention however, the medicaments containing the alginic ester or 
Its salts are used with therapeutically active or inactive substances as a vehicle alone (excepting possibly 
an aqueous solvent). Also included in the invention are the mixtures obtainable from all types of 
medicaments described here and also mixtures of such medicaments, as well as possibly mixtures of the 
new alginic esters with free alginic acid or mixtures of their salts, for example sodium salts. 

Examples of pharmacologically active substances (1) to be used in ophthalmic medicaments according 
to me invention are: basic and non basic antibiotics, for example aminoglycosides, macrolides. tetracyclines 
and peptides, such as for example gentamycin. neomycin, streptomycin, dihydrostreptomycin. kanamycin 
amikacin, tobramycin, spectinomydn. erythromycin, oleandomycin, carbomycin. spiramycin ox- 
ytetracycline. rolitetracycline, bacitracin, polymyxin B. gramicidin, colistln. cloramphenicol. Ilncomycin 
vancomycin, novobiocin, ristocetin, clindamycin, amphotericin B. griseofulvin. nystatin and possibly their 
35 salts, such as sulfates or nitrates, or associations of these between themselves or with other active 
pnnciples. such as for example those mentioned hereafter. 

Other ophthalmic drugs to be used to advantage according to the present invention are: other anti- 
imectives such as diethylcarbamazine, mebendazole, sulfamidics such as sulfacetamide, sulfadiazine 
sullisoxazole: antivirals and anti-tumorals such as iododeoxyuridine. adenine arabinoside, trifluorothymidine' 
aorclovir. ethyldeoxyuridine. bromovinyldeoxyuridine. 5-iodo-5'-amlno-2', 5'-dideoxyuridlne; steroid anti- 
inflammatory agents, such as dexamethasone, hydrocortisone, prednisolone, fluorometholone. medrisone 
and possibly their esters, for example phosphoric acid esters: nonsteroid anti-inflammatories. for example 
indomethacin. oxyphenbutazone. flurbiprofen: wound healers such as epidermal growth factor EGF- local 
anesthetics, such as Benoxinate. proparacaine and possibly their salts: cholinergic agonists such as 
pilocarpine, methacholine. carbamylcholine. aceclidine. physostigmine. neostigmine, demecarium and possi- 
bly their salts: cholinergic antagonist drugs such as atropine and Its salts; adrenergic agonist drugs such as 
noradrenaline, adrenalin, naphazoline. methoxamlne and possibly their salts: adrenergic antagonist drugs 
such as propanolol. timolol, pindolol, bupranolol. atenolol, metoprolol. oxprenolol. practolol. butoxamine. 
sotalol, butethrin. labetalol and possibly their salts. 

Associations or mixtures of such drugs between themselves and possibly with other principles may also 
be used as component (1) according to the invention. If instead of only one active substance (1) 
associations of active substances are used, such as those reported above, the salts of the basic active 
substances and the partial ester of alginic acid may be mixed salts of one or more of such basic 
substances or possibly mixed salts of this type with a certain number of further acid groups of the 
polysaccharide salified with the above mentioned metals or bases. For example It is possible to prepare 
satts of a partial ester of alginic acid with a pharmacotogically inactive alcohol, for example a lower alkanol 
and with a certain percentage of the acid groups salified with the antibiotic kanamycin. another percentage 
sallfied with the vasoconstrictor phenylephrine, and a remaining percentage of the free acid groups being 
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Si n? 1 ? ^IT^ ^ °' »^ "'etals. H is possible to mix 

S^rfn^-^^K ."^ ^'^ ^""^"^^ polysaccharide esters 

oaJ^TjLT^- ^y^' *° °" ^'"'^ °^ between themselves or with 

Lfl T ''«""^*'"°9y therapeutic agents such as anti-infective, antibiotic, antimicrobial 

anb-inflammatory. cytostatic, cytotoxic, antiviral, anesthetic agents, and prophylactic agents Tuch ^ sun 

gentamycm. neomycin, aureomycin. gramicidin and associations of the same, antibacteriais and disinfec 
> SiH^IIr""' T frhydroxyquinoline derivatives and poss bly their SS- 
STSTZide ofT ^'.r-?"''^ ^"^'^ " prednisolone, dexamethaso^e. flUeL^! 
ciobetasol. acetonide of triamcinolone, betamethasone or their esters, such as valerianates benzoa»«! 

rr.ts.:'ai:: ~ -^'^^ - - ~ ^b^s 

used^" " °* "'"'"^ ^''^"""^ ^'^^ °««' agents described in literature may be 

..Jr!^"" the examples discussed for ophthalmology and dermatology it is possible to determine bv 
analogy which medicaments according to the present invention are to be used in the oUierj^Ws o^ 
enSZoir "^I!- otolaryngology or odontology or in internal mediae Forim^^^ in 

rr^roTn^aL"^^ ? *° use preparations absorbed intradem,ally or through the mucus for e'ampe 
oL^ ^lerlf^T ' ^ 'P'^y^ °^ preparations for inhalation into the oral cavity 
J^Z™ Preparatons may therefore be for example anti-inflammatories. or vasoconstrictcis Z 
vasopressors such as those already mentioned for ophthalmology, vitamins antibiotics such S^o- 
dTrrSy • -'i'-to^'a's. again asVet^r atT f^r uL"!: 

Methods of Preparation for the Alainic Esters : 

a^ay'TZZ'efl^tT"'''!^'^ T- °' e alginic add esters 

aZun l Ztl^^ T ^ ammonium salts of alginic add wiS an etherifying 

Si lowT/r^^' iS'" dialkylsulfoxides. dialkylcarboxamides. such as in 

JT dialkylsulfoxides. above all dimethylsulfoxide. and lower alkyi dialkylamides of lower 

TL""ZrJT'\°'f'^'' '"^"'^'^ " '^""^^'^y' - diethylaLamiJe. ft is pos ible 
r ^ . ^'^^y^ aproac. such as alcohols, ethers, ketones esters 

especially aliphatic or heterocyclic alcohols and ketones with a low bdling pdn such ks ?JJ 
afluomisopropanol and trifluoroethanol. The reaction is brought about preferify temJ^rature of 

SLmr°Jn • ^"^'^ and /S-.tor exTmV a, aboutT 

ammc^^m irdi'L^Zl^^^^^^^^ ^ ""^ ^'''"^ ^^'""^'"^ ^^ent to the above mentioned 

1 mentioned, for example in dimethylsulfoxide. As alkylating 

o?efeZi IT f ydrocarbyl halides. for example alkyI halides 

J? es^enfication process, therefore, comprises reacting, in an organic solvent a quSemarv 

ammonium salt of alginic acid with a stotehiometric quantity of a com^ und of the fom,^ ^ ^ 



A-X 



wS'Dhlaca^'SSJ'T '''^.^r^' °* ^ ^'P''^^'^- ^^^"Pt^atic. cycloaliphatic. aliphatic- 

Z^SS^S^ ^"'^ " ^•^^o'" said Stoichiometric quantity S 

A-x IS determined by the degree of esterification desired. 

nr™,^! h^'"^ quaternary ammonium salts it is preferable to use lower ammonium tetraalkylates the alkyl 

TeS'll^Zu^tll^^ ' r ' ^9'"^^ °» tetrabuilamm" 

S^fof JSL m^tT!l K P'^P^^ ^y ^^^'^""S a metal salt of alginic acid, preferably 

^sin « wTr^'"' ""^'"'^ °^ P^*^^'""" «""«o" «ith a sulfonic 

a^S^s e pSararkvistrit ""T^'Z ««*««"^'-a«""onlum alginates deriving from lower 

aiKyis especially alkyls with between 1 and 6 carbon atoms, are new and form another object of the oresent 

?^ u ? procedure is therefore made particularly easy and gives 
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m^a^TTol^ rjTU'^'^ ''"^^"'^ « P°«^^«'"'" 0^ sodium satt of 

S ^eS2« ofT^Sv^i™'"*^? ^ climethylsulfoxide. with a suitable alkylating agent in 

nrSS:^ure^KSlT ' Wmary an,monium salt, such as tetrabutylamLnium Jodide. 

_^rz sThrgfr irr ^e^^zs^r " ^^^^^ °' 

nnnin ^'T'^ ^^'^ ^«=°'<1!"9 to the present invention it is possible to use alqinic acids of anv 

their'^rric"hT.'l^ ""'T modifications of the preparation procedures of the new esters and 

foLS bvThr^frJ ^ f " ^^9^ °^ ^'^''^'^ ^ intermediate compoJ^d 

followed by the remaining stages, or in which the starting products are formed in situ «=o'"PO""a 

The invention is Illustrated by the following Examples, which do not in any way limit its scope. 
Example 1 - Preparation of th e tetrabutvlammonium salt of alq inic at^iri 

ml ol diS wirThTsi^' ^"'f ^°'^«^P«"^'"9 2 g. of dry compound, are solubilized in 300 
^Hnni? ^"""Sh a thermostatic column at 4-C containina 15 ml 

freirdrr ^"""^ '"''^ '""^ °' »«^«'>"^'— ium. The sodium-free L^SlsTin Id 

Yield 3.3 g. 

The solution is well agitated for 12 hours at 30 • C 

^lll^l^^^ '^^TJ^ °' tetrabutylammonium residues to sodium salt form to the 

« ^ K ^r « '''^'^^ ^ ^ 9 of NaCI dissolved in 50 ml of distilied ffcO. cooling it fro^he ^iJde in 
l^ZVl' "'"^"^ '^'^ regular drops and under agitat?>n So ml S e^l" 

acetate The preciprtate is separated by filtration, washed three times with 100 ml of acetonT^H o ^ i 
and 3 times with 100 ml of pure acetone, then vacuum dried acetone/ffcO 5.1 

Yield: eg. 

»L? """"rl ^-^ °' '^t'abutylammonium residues to calcium salt form, the procedure is as 

above, substituting calcium chloride for the sodium chloride procedure is as 

Yield: 6.1 g. 

pafle?Sl72 ofi'ol"^" *^ ^'""'^ saponification method described on 

^"^"^ '^'^ "^'^"'^ Edrtion. John Wley and Sons 

gg^^^r^n^artiall ethyl ester of al,.nic acid ■ 30% of .he c.rboxy .rou p. e..r,f,nd 

hfJl ° °* *® tetrabutylammonium salt of alginic acid (prepared from alginic acid obtained 

fr^n^^pMum nodosum, are solubilized in 400 ml of DMSO at 25-c' 1^31 g (7.18 S) oC Sdl 

The solution Is well agitated for 12 hours at 30 • C 
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Yield: 5 g. 

=L^° "k!!-^^® '^'^ ^" °* tetrabutylammonium residues to calcium salts, the procedure is as 
above, substituting calcium chloride for the sodium chloride 
Yield: 5.1 g. 

oaoe^J^ii^yTn.T"'"!!''^" °' ^'""'^ "^"^^ ""^ saponification method described on 

SLilon °'9«"'C analysis via functional groups". 4th Edition. John Wiley and Sons 

Sr^Ki.^ ' ';T'°"°" °' '^^ <P^"°') ^'^'V »ster of ataini c acid - 50% of the carboxy groups esteri fied - 
50% of the carboxy groups salified . "-^ — powmiw 

from^M«Jf ^"■^''■L"* te'^abutylammonium salt of alginic acid (prepared from alginic acid obtained 
iTa dde^ pynfera) are solubilized in 400 ml of DMSO at 25-0. 1.88 g (11.9 m.iq.) of ethyl 

The solution is well agitated for 12 hours at 30 • C. 

a) For complete com^ersion of the carboxy salts of tetrabutylammonium residues to sodium salt to the 

aTa h"r,!,or "rf '1 " ' °' ^ °' ^^m the ouiwl with 

«riSl -7^ • ^® °" """"^ ^'°Ps and under agitation in 2000 ml of ethyl 

and 3 times with 100 ml of pure acetone, then vacuum dried 
Yield: 4.5 g. 

Ill T^!^ ^ tetrabutylammonium residues to calcium salts, the procedure is as 

above, substituting calcium chloride for the sodium chloride 
Yield: 4.6 g. 

paQe?S?j?of iSnTl' t" °' r"'^ "^"^ ''^ saponification method described on 
SnLtiS ^"^'rtative organic analysis via functional groups'. 4th Edition. John Wiley and Sons 

" ''T'^*'"" °* <P^'^') ^t^'V «ster of aloin ic acid - 70% of the carboxy groups esterified - 
30% of the carboxy groups salified . ' y y uu^o oatoimoo 

fromTaLifi! [T'^^ k"' tetrabutylammonium satt of alginic acid (prepared from alginic acid obtained 
Le aSS^ ►!yB?[borea) are solubilized in 400 ml of DMSO at 25-C. 2.64 g (16.7 m.iq.) of ethyl iodide 

The solution is well agitated for 12 hours at 30 "C. 

Inl^rf*?® °* ^^'^''y ^^"^ °' tetrabutylammonium residues to sodium salt, to the 

Itfl -!^ P""'®'' '■^"'^^ *°Ps ""der agitation in 2000 ml of ethyl 

-/.fT^a^ '! '^"^ "y "'^^^ 100 ml of acetone/HzO 5:1 

and 3 times with 100 ml of pure acetone, then vacuum dried 
Yield: 4 g. 

b) To convert the carboxy salt of tetrabutylammonium residues to calcium salts, the procedure is as 
above, substitoting calcium chloride for the sodium chloride "«,uurB is as 

Yield: 4.2 g. 

o^^T^^i^^ °' "^"^ saponification method described on 

SLti^ Quantrtabve organic analysis via functional groups". 4th Edition. John Wiley and Sons 

T^TZ ;airuns ^. . r ^'^ ^ "'^'"'^ ■ -'--v -^-p - -t-^'^^-i ■ 

fr JlitIS:fjr'^'' l°* tetrabutylammonium salt of alginic acid (prepared from alginic acid obtained 
iTa d^^ eynfera) are solub.lized in 400 ml of DMSO at 25-C. 3.39 g (21.5 m.Eq.) of ethyl iodide 

The solution is well agitated for 12 hours at 30 * C. 
2/« ^^1^^ conversion of the carboxy salts of tetrabutylammonium residues to sodium satt to the 
a bath of ffcO/lce. The solution is slowly poured by regular drops and under agitation in 2000 ml of ethy^ 
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Tr^T^^^£'^ITl^ ' ^'"^^ <" acetone/H.0 5:1 and 3 

limes with 100 ml of pure acetone, then vacuum dried 

Yield: 5.5 g. 
Yield: 5.6 g. 

paoe^Sl^^of S2i"J' 'r''" saponification method described on 

^"^ 9~"P^". 4* Edition. John Wiley and Sons 

Bca mple 7 - Preparation of the (partial) i sopropvl ester of alainic acid . anv ^»*- 
Hterffled • 10% of the carbox y groups salified ^ - 90 ^ Of the carboxy groups 

The solution is well agitated for 12 hours at 30 • C. 

Inr °' <=«^bo^ salts of tetrabutylammonium residues to sodium salt to the 

JTJ-^ w """^ '^"'^ *0Ps and under agitation in 2000 ml of eZ 

tlSies^lo! m?S^!r^ T'^'Tk "^^'^ ^ '""^ "» °» acetoneTo 5 1 a^d 3 

limes with 100 ml of pure acetone, then vacuum dried 

Yield: 4.2 g. 

Ll! ""TI?.*^^ "^^^ tetrabutylammonium residues in calcium salts, the procedure is as 

above, substituting the sodium chloride for calcium chloride procedure is as 

Yield: 4 g. 

pJiT^niT^^T: T"'' '^^"^'^ saponification method described on 

^ ^ ^"'^^^ ^"'"P^"- Edition. John Wiley and Sons 

^j^^^ ^^^gg^opropy. ester of alpinic acid - 70% of t f.,. proup. 

frnJ? ^ -^'^ T'^"'^ °* tetrabutylammonium salt of alginic acid (prepared from alainic acid obtained 
fZ.—Sj^^'^ are soiubilized in 400 ml of DMSO a. ^S^.^s g (le/r^f^lsCopW 
The solution is well agitated for 12 hours at 30'C. 

conversion of the carboxy salts of tetrabutylammonium residues to sodium salt to the 
resujng soluton is added 2.5 g of NaCI dissolved in 50 ml of distilled H.O. cooled JorrouSdl 

ethTacetiS ' " ^^"'^^ *°P^ under agitation WoS mT S 

ethyl acetate. The precpitate is separated by filtration, washed 3 times with 100 ml of aceto^O 
and 3 bmes with 100 ml of pure acetone, then vacuum dried acetone/H^O 5.1 

Yield: 4 g. 

11° '''^ ^ °* tetrabutylammonium residues in calcium salts, the procedure is as 

above, substituting the sodium chloride for calcium chloride. procedure ,s as 

Yield: 3.8 g. 

d,l»n,i™iio|, of m Me, groups Is carried ool by the sapooHtaOkH. .relhed .le^rtMd oo 
The solution is well agitated for 12 hours at 30 • C. 
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a) For complete conversion of the carboxy salts of tetrabutylammonlum residues to sodium salt, to tfie 

Bthr«c«t«^ ' " '"^y "^'^ '^"^ '^"^ ""'I'f aflitatlon into 2000 ml of 

and 3 times witfi 100 ml of pure acetone. th>en vacuum dried 
Vield: 4.2 g. 

Ill TJ^T^T^ °* tetrabutyiammonlum residues in calcium salts, the procedure is as 

above, substituting the sodium chloride for calcium chloride 
Yield: 4.2 g. 

paQe?S72 o?irj„"«fT °* ^"""^ '^^'''^ °^ saponification method described on 

P^bfiLliS! organic analysis via functional groups". 4th Edition. John Wiley and Sons 

°* °^ - °' the carboxv groups 
estenfled - 70% of the carboxy groups salified . — — 

froJiil!S?i *^ ^^^^"ty'ammonium salt of alginic acid (prepared from alginic acid obtained 

S el^SdS' ^^^^^ °' ^ ^•^'^ 9 <^-^8 "^•^«') '^oP^Py 

The solution is well agitated for 12 hours at 30*C. 

lnH-„"""ff ® conversion of the carboxy salts of tetrabutyiammonlum residues to sodium salt to the 

ethTarpJ^ """'^ '^9"'^^ ^^°P^ ""der agitation into 2000 ml of 

and 3 times with 100 ml of pure acetone, then vacuum dried 
Yield: 5.5 g. 

Ill Th.!?.'^^ ^ tetrabutyiammonlum residues in calcium salts, the procedure is as 

above, substituting the sodium chloride for calcium chloride 
Yield: 5.4 g. 

page?reSi^%f °' T"'" ^«P<""fl^«i°" "method described on 

f^McaliS^ Quantitative organic analysis via functional groups". 4th Edition. John Wiley and Sons 

from^?nm!S? T'^^ l"' tetrabutylammonium salt of alginic add (prepared from alginic acid obtained 
Sde^SSd^''^^^^ °' 9 (2.3 m.Eq.) of isopropyl 

The solution is well agitated for 12 hours at 30 • C. 
a) For complete conversion of the carboxy salts of tetrabutylammonium residues to sodium salt to the 

Lo^? °Vk'°'''=®-. ^''^ is slowly poured by regular drops and under agitation in 2000 ml of ethyl 

timpTw J fn^'^'"!, ^^'^^""^ "^"^ ^ °' acetone/hteO 5:1 and 3 

times with 100 ml of pure acetone, then vacuum dried. 

Yield: 5.8 g. 

Ill '^^l^^ T^'J. °* tetrabutylammonium residues in calcium salts, the procedure is as 
above, substituting the sodium chloride for calcium chloride 
Yield: 5.8 g. 

oZ!1'^\ST'n'Tl1- ^'°T saponification method described on 

pKiS Quantrtative organic analysis via functional groups". 4th Edition. John Wiley and Sons 

" °^ f''^^^'^ • °^ '^xv oroups esterifie d 

- 10% of the carboxy groups salified . ^ oowimou 

fmJ Af.iS'^i'"'^2i°* the tetrabutylammonium saK of alginic acid (prepared from alginic acid obtained 
from Ascophyllum nodosum) are solubilized in 400 ml of DMSO at 25 -C. 4.1 g (21.5 m.Eq.) of teS 
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iodide are added. 

The solution is well agitated for 12 hours at 30 'C. 

a) For complete conversion of the cart)oxy salts of tetrabutylanamonlum residues to sodium salt, to the 
resulting solution is added 2.5 g of NaCI dissolved in 50 ml of distilled H2O. cooled from the outside with 

5 a bath of H20/ice. The solution is slowly poured by regular drops and under agitation into 2000 ml of 
ethyl acetate. The precipitate is separated by filtration, washed 3 times with 100 ml of acetone/KfeO 5:1 
and 3 times with 100 ml of pure acetone, then vacuum dried. 
Yield: 4 g. 

b) To convert the carboxy salt of tetrabutytammonium residues in calcium salts, the procedure is as 
10 above, substituting the sodium chloride for calcium chloride. 

Yield: 4.1 g. 

Quantitative determination of the ester groups is carried out by the saponification method described on 
pages 169-172 of "Quantitative organic analysis via functional groups", 4th Edition, John Wiley and Sons 
Publication. 

Example 13 - Preparation of the (partial) terbutyl ester of alginic acid - 70% of the carboxy groups esteritied 

- 30% of the cart>oxy groups salified . 

10 g (23.9 m.Eq.) of the tetrabutylammonium salt of alginic acid (prepared from alginic acid obtained 
20 from Lamlnaria hyperborea ) are solubilized in 400 ml of DMSO at 25 'C. 3.14 g (16.7 m.Eq.) of terbutyl 
iodide are added. 

The solution is well agitated for 12 hours at 30 'C. 

a) For complete conversion of the carboxy salts of tetrabutylammonium residues to sodium salt, to the 
resulting solution is added 2,5 g of NaCI dissolved in 50 ml of distilled H2O. cooled from the outside with 

25 a batti of H20/ice. The solution is slowly poured by regular drops and under agitation in 2000 ml of ethyl 
acetate. The precipitate is separated by filtration, washed 3 times witii 100 ml of acetone/H20 5:1 and 3 
times with 100 ml of pure acetone, then vacuum dried. 
Yield: 5 g. 

b) To convert the carboxy salt of tetrabutylammonium residues in calcium salts, the procedure is as 
30 above, substituting the sodium chloride for calcium chloride. 

rield: 5 g. 

Quantitative determination of the ester groups is canried out by the saponification method described on 
pages 169-172 of "Quantitative organic analysis via functional groups". 4th Edition. John Wiley and Sons 
Publication. 

35 

Example 14 - Preparation of the (partial) terbutyl ester of alginic acid - 50% of the carboxy groups esterified 

- 50% of the carboxy groups salified . 

10 g (23.9 m.Eq.) of the tetrabutylammonium salt of alginic acid (prepared from alginic acid obtained 
40 from Macrocystis pyrifera ) are solubilized In 400 ml of DMSO at 25 'C. 2.25 g (11.9 m.Eq.) of terbutyl 
iodide are added. 

The solution is well agitated for 12 hours at 30*C. 

a) For complete conversion of tiie carboxy salts of tetirabutylammonium residues to sodium salt, to the 
resulting solution is added 2.5 g of NaCI dissolved in 50 ml of distilled H2O, cooled from the outside with 

45 a bath of H20/ice. The solution is slowly poured by regular drops and under agitation Into 2000 ml of 
ethyl acetate. The precipitate is separated by firtration. washed 3 times with 100 ml of acetone/H20 5:1 
and 3 times with 100 ml of pure acetone, then vacuum dried. 
Yield: 5.4 g. 

b) To convert tiie carboxy salt of tetrabutylammonium residues in calcium salts, the procedure is as 
50 above, substituting the sodium chloride for calcium chloride. 

Yield: 5.4 g. 

Quantitative determination of the ester groups is carried out by the saponification method described on 
pages 169-172 of "Quantitative organic analysis via functional groups". 4th Edition. John Wiley and Sons 
Publication. 

65 
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Example 15 - Pre paration of the (partial) terbutvl ester of aloinic acid - 30% of the ca rboxv groups esterified 

- 70% of the carb>oxy groups sallfled . ' 

10 g (23.9 m.Eq.) of the tetrabutylammonium salt of alginic acid (prepared from alginic acid obtained 
from Laminana hyperborea) are solubilized in 400 ml of DMSO at 25 -C. 1.34 g (7.18 m Eq ) of terbutvl 
iodide are added. 

The solution is well agitated for 12 hours at 30 "C. 

a) For complete conversion of the carboxy salts of tetrabutylammonium residues to sodium salt to the 
resulting solution Is added 2.5 g of NaCI dissolved in 50 ml of distilled H2O, cooled from the outside with 
a bath of HzO/ice. The solution is slowly poured by regular drops and under agitation into 2000 ml of 
ethyl acetate. The precipitate is separated by filtration, washed 3 times with 100 ml of acetone/HzO 5:1 
and 3 times with 100 ml of pure acetone, then vacuum dried. 

Yield: 5.5 g. 

b) To convert the carboxy salt of tetrabutylammonium residues in calcium salts, the procedure is as 
above, substituting the sodium chloride for calcium chloride 

Yield: 5.7 g. 

Quantitative determination of the ester groups is carried out by the saponification method described on 
pages 169-172 of "Quantitative organic analysis via functional groups". 4th Edition. John Wiley and Sons 
Publication. 

Example 16 - Preparation of th e (partial) terbutyl ester of alginic acid - 10% of the carboxy g roups esterified 

- 90% of the carboxy groups salified . " ~ 

10 g (23.9 m.Eq.) of the tetrabutylammonium salt of alginic acid (prepared from alginic acid obtained 
from Macrocystis pyrifera) are solubilized in 400 ml of DMSO at 25 -C. 0.45 g (2.39 m Eg) of terbutvl 
iodide are added. ' 

The solution is well agitated for 12 hours at 30 • C. 

a) For complete conversion of the carboxy salts of tetrabutylammonium residues to sodium salt to the 
resulting solution is added 2.5 g of NaCI dissolved in 50 ml of distilled H2O. cooled from the outside with 
a bath of HaO/ice. The solution is slowly poured by regular drops and under agitation into 2000 ml of 
ethyl acetate. The precipitate is separated by filtration, washed 3 times with 100 ml of acetone/HjO 51 
and 3 times with 100 ml of pure acetone, then vacuum dried. 

Yield: 5 g. 

b) To convert the carboxy salt of tetrabutylammonium residues in calcium salts, the procedure is as 
above, substituting the sodium chloride for calcium chloride. 

Yield: 5 g. 

Quantitative determination of the ester groups is carried out by the saponification method described on 
pages 169-172 of "Quantitative organic analysis via functional groups". 4th Edition, John Wiley and Sons 
Publication. 

_Example 17 - Preparation of the (partial) benzyl ester of alginic acid - 90% of the carboxy gro ups esterified 
- 10% of the carit)oxy groups salified . " — 

10 g (23.9 m.Eq.) of the tetrabutylammonium salt of alginic acid (prepared from alginic acid obtained 
from Ascophyllum nodosum ) are solubilized in 400 ml of DMSO at 25*C. 3.76 g (21.5 m.Eq.) of benzyl 
bromide and 0.1 g of tetrabutylammonium iodide are added. 

The solution is well agitated for 12 hours at 30 • C. 

a) For complete conversion of the carboxy salts of tetrabutylammonium residues to sodium salt to the 
resulting solution is added 2.5 g of NaCI dissolved In 50 ml of distilled H2O. cooled from the outside with 
a bath of H20/ice. The solution is slowly poured by regular drops and under agitation into 2000 ml of 
ethyl acetate. The precipitate is separated by filtration, washed 3 times with 100 ml of acetone/Ha 0 5:1 
and 3 times with 100 ml of pure acetone, then vacuum dried. 

Yield: 5 g. 

b) To convert the carboxy salt of tetrabutylammonium residues in calcium salts, the procedure is as 
above, substituting the sodium chloride for calcium chloride. 

Vield: 5 g. 

Quantitative determination of the ester groups is earned out by the saponification method described on 
pages 169-172 of -Quantitative organic analysis via functional groups". 4th Edition. John Wiley and Sons 
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Publication. 

Example 18 - Preparation of the (partial) benzyl ester of aiginic acid - 70% of the carboxy groups esterified 

- 30% of the carboxy groups salified . 

5 

10 g (23.9 m.Eq.) of the tetrabutylammonium salt of aiginic acid (prepared from aiginic acid obtained 
from Laminaria hyperborea ) are solubilized in 400 ml of DMSO at 25 'C. 2.9 g (16.7 m.Eq.) of benzyl 
bromide and 0.1 g of tetrabutylammonium iodide are added. 
The solution is well agitated for 12 hours at 30 *C. 
70 a) For complete conversion of the cartx>xy salts of tetrabutylammonium residues to sodium salt, to the 
resulting solution is added 2.5 g of NaCI dissolved in 50 ml of distilled H2O, cooled from the outside with 
a bath of HzO/tce. The solution is slowly poured by regular drops and under agitation Into 2000 ml of 
ethyl acetate. The precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H20 5:1 
and 3 times with 100 ml of pure acetone, then vacuum dried. 
75 Yield: 4.6 g. 

b) To convert the carboxy salt of tetrabutylammonium residues in calcium salts, the procedure is as 
above, substituting the sodium chloride for calcium chloride. 
Yield: 4.5 g. 

Quantitative determination of the ester groups is carried out by the saponification method described on 
20 pages 169-172 of "Quantitative organic analysis via functional groups", 4th Edition, John Wiley and Sons 
Publication. 

Example 19 - Preparation of the (partial) benzyl ester of aiginic acid - 50% of the carboxy groups esterified 

- 50% of the carboxy groups salified . 

25 

10 g (23.9 m.Eq.) of the tetrabutylammonium salt of aiginic acid (prepared from aiginic acid obtained 
from Ascophyllum nodosum ) are solubilized in 400 ml of DMSO at 25 -C. 2.1 g (11.9 m.Eq.) of benzyl 
bromide and 0.1 g of tetrabutylammonium Iodide are added. 
The solution is well agitated for 12 hours at 30 *C. 
30 a) For complete conversion of the carboxy salts of tetrabutylammonium residues to sodium salt, to the 
resulting solution is added 2.5 g of NaCI dissolved in 50 ml of distilled H2O. cooled from the outside with 
a bath of HaOAice. The solution is slowly poured by regular drops and under agitation into 2000 ml of 
ethyl acetate. The precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H20 5:1 
and 3 times with 100 ml of pure acetone, then vacuum dried. 
35 Yield: 4.2 g. 

b) To convert the carboxy salt of tetrabutylammonium residues in calcium salts, the procedure is as 
above, substituting the sodium chloride for calcium chloride, 
rield: 4.3 g. 

Quantitative determination of the ester groups is can-led out by the saponification mettiod described on 
40 pages 169-172 of "Quantitative organic analysis via functional groups", 4th Edition, John Wiley and Sons 
Publication. 

Example 20 - Preparation of the (partial) benzyl ester of aiginic acid - 30% of the carboxy groups esterified 

- 70% of the carboxy groups salified . 

45 

10 g (23.9 m.Eq.) of the tetrabutylammonium salt of aiginic acid (prepared from aiginic acid obtained 
from Ascophyllum nodosum) are solubilized in 400 ml of DMSO at 25 'C. 1.25 g (7.18 m.Eq.) of benzyl 
bromide and 0.1 g of tetrabutylammonium iodide are added. 
The solution is well agitated for 12 hours at 30 'C. 
50 a) For complete conversion of the carboxy salts of tetrabutylammonium residues to sodium salt, to the 
resulting solution is added 2.5 g of NaCI dissolved in 50 ml of distilled H2O. cooled from tiie outside with 
a bath of HaO/ice. The solution is slowly poured by regular drops and under agitation Into 2000 ml of 
ethyl acetate. The precipitate is separated by filtration, washed 3 times with 100 ml of acetone/H20 5:1 
and 3 times with 100 ml of pure acetone, then vacuum dried. 
55 Yield: 6 g. 

b) To convert tiie carboxy salt of tetrabutylammonium residues in calcium salts, the procedure is as 
above, substituting the sodium chloride for calcium chloride. 
Yield: 6.1 g. 
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Quantitative determination of the ester groups is canied out by the saponification method described on 
pages 169-172 of "Quantitative organic analysis via functional groups". 4th Edition. John Wiley and Sons 
Publication. 

Example 21 > Preparation of the (partial) benzyl est er of alginic acid - 10% of the carboxv gr oups esterlfied 
- 90% of the carboxy groups salified . — 

10 g (23-9 m.Eq.) of the tetrabutylammonium salt of alginic add (prepared from alginic acid obtained 
from Macrocystis pyrifera ) are solubilized In 400 ml of DMSG at 25 -C. 0.42 g (2.39 mEq) of benzyl 
bromide and 0.1 g of tetrabutylammonium Iodide are added. 

The solution is well agitated for 12 hours at 30 -C. 

a) For complete conversion of the carboxy salts of tetrabutylammonium residues to sodium salt to the 
resulting solution is added 2.5 g of NaCI dissolved in 50 ml of distilled H2O. cooled from the outside with 
a bath of H20/ice. The solution is slowly poured by regular drops being kept in agitation into 2000 ml of 
ethyl acetate. The precipitate is separated by filtration, washed 3 times with 100 ml of acetone/HaO 51 
and 3 times with 100 ml of pure acetone, then vacuum dried 

Yield: 5 g. 

b) To convert the carboxy salt of tetrabutylammonium residues In calcium salts, the procedure is as 
above, substituting the sodium chloride for calcium chloride 

Yield: 5 g. 

Quantitative determination of the ester groups is earned out by the saponification method described on 
pages 169-172 of "Quantitative organic analysis via functional groups", 4th Edition, John Wiley and Sons 
Publication. 

Example 22 - Preparation of the methyl ester of alginic acid . 

8.35 g (20 m.Eq.) of the tetrabutylammonium salt of alginic acid (prepared from alginic acid obtained 
from Ascophyllum nodosum) are solubilized in 400 ml of DMSG at 25 •C. 3.66 g (25 m.Eq.) of methvl 
iodide are added. 

The solution Is well agitated for 12 hours at 30-C. and then slowly poured by regular drops and under 
agitation into 3.5 I of ethyl acetate (or toluene). The precipitate is filtered and then washed 4 times with 
ethyl acetate and lastly vacuum dried for 24 hours at 30-0. In this way 4 g of the compound named In the 
title are obtained. 

Quantitative determination of the ester groups is carried out by the saponification method described on 
pages 169-172 of "Quantitative organic analysis via functional groups". 4th Edition. John Wiley and Sons 
Publication. 

Example 23 - Preparation of the benzyl ester of alginic acid . 

10 g (23.9 m.Eq.) of the tetrabutylammonium salt of alginic acid (prepared from alginic acid obtained 
from Macrocystis pyrifera) are solubilized In 400 ml of DMSO at 25 • C. 4.45 g (26 m.Eq.) of benzyl bromide 
and 0.1 g of tetrabutylammonium iodide are added. 

The solution is well agitated for 12 hours at 30- C. and then slowly poured by regular drops and under 
agitation into 3.5 I of ethyl acetate (or toluene). The predpitate is filtered and then washed 4 times with 
ethyl acetate and lastly vacuum dried for 24 hours at 30 -C. In this way 5 g of the compound named in the 
title are obtained. 

Quantitative detenminafion of the ester groups is earned out by the saponification method described on 
pages 169-172 of "Quantitative organic analysis via functional groups". 4th Edition. John Wiley and Sons 
Publication. ' 

Example 24 - Preparation of the terbutyl ester of alginic acid . 

10 g (23.9 m.Eq.) of the tetrabutylammonium salt of alginic acid (prepared from alginic add obtained 
from Laminaria hyperborea) are solubilized in 400 ml of DMSO at 25 -C. 4.8 g (26 m.Eq.) of terbutyl iodide 
are added. 

The solution is well agitated for 12 hours at 30«C. and then slowly poured by regular drops and under 
agitation into 3.5 I of ethyl acetate (or toluene). The precipitate is filtered and then washed 4 times with 
ethyl acetate and lastly vacuum dried for 24 hours at 30-C. In this way 3.8 g of the compound named in 
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the title are obtained. 

page''s"Si72 ofSLS" °* ^ "^^'^ ''^ saponification method described on 

SLIS! •"gan.c analysis via functional groups". 4th Edition. John Wiley and Sons 

5 

Example 25 - Preparatio n of the IsoDfopvl ester of alq inic acid. 

f,«J? ^ T"^*'"^.°* ^ tetrabutylammonium salt of alginic acid (prepared from alginic acid obtained 

ISL'^nlnTo'L'fLfT*?' '^-^ *0PS and under 

efhvl a^te « Li ^ P'^'P^'^ then washed 4 times with 

Se tiolire ob^'r' ~ ^ ^'''^ « °' ^-P"-'* "-ad in 

" paqe?;S72 ol'IZ'"?' «" ^ saponification method described on 

?SLli!^ Quantrtative organic analysis via functional groups". 4th Edition. John Wiley and Sons 

Example 26 - Preparation of the ethyl ester of alol nic acid. 

20 

fr^J* ^ n "^'^^'^ °' ^''^ tetrabutylammonium salt of alginic acid (prepared from alginic acid obtained 
!Z« H y r '^'^ °' °'^S0 at 25-0. 4 g (26 m.Eq. TetM iodS a^ 

added. The solution ,s well agitated for 12 hours at 30-0. and then slowly Joured by llr Ss^d 

25 2 Lh'l ? T l^, ' °' '^^^'^ '°'"«"^>- "^"^ P^«^P»«e is filtered and then 4'tires 
"e?^^ ^'^'^ ^ ^^'^ -V 4.5 g Of the compou^d^rd 

Daae?Si7^„f "° 9'°"P' "^^'"^ ''^ saponification method described on 

?ubnLli^ ""''^"'^ ^"'"f^"' Edition. John Wiley and^°s 

30 

Bcample 26A - Preparation of the amikacin salt of alginic acid partially estfi nfi>.H with ethanol - 75% of 
car bgcylic groups esterified with ethann i ■ 25% of carboxvlir nroups salified with amik^dn °* 

147 mg of amikacin (1 m.Eq.) are solubilized in 20 ml of water. 

0.81 g of a 75% ethyl ester of alginic acid and sodium satt at 25% (corresponding to 1 m Eo of a 
moi^menc unit relative to the non-esterified carboxyl). are solubilised in 4^0 ml TS. TheSo^ is 
eluted in a thermostatic column at 20- and containing 2 ml of sulfonic resin (Dowex 50 x 8) in h' Sm 

«miiI!r°'"K'°^"'^' carried out on St. aureife ATCC 29737 in comparison to standard 

am^cin. shows a content of 8.5% in weight of amikidPTb^ corresponding to the thLetSli catulJe J 

^ <^xy"c flroups esterifie d with ethanol • 25% of carboxylic groups salifie d with ervthromvcin . 

mnnn!^ ^ ! ^T' ^^^^ °' ^'^'"''^ ^"'"^ ^'^ ^alt at 25% (corresponding to 1 m Eq of a 

monomenc unit relative to the non^sterified carboxyl). are solubilized in 4^0 ml S water. The Son is 

50 tZ ^' ^ °' (Do>^«'* 50 X 8) in form 

" insta2lyt~i:Sr '"^ '"■^•^•>- ^« -"^"0 

« ^l!l'^7".°!.°P™ .^^*^""'"afion on St. aureus ATCC 6538 in comparison to standard erythromycin shows 
a content of 31.7% in weight of erythromycin base, corresponding to the theoretically calStrwergh, 
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Su!!!.^.^^'. r'^!^^""" "♦^^P^P^' V'^i" ^ °« alginic acid partially esterlfied with ethanol - 7So/. m 
cafboxyLc groups estenfted wth ethano i ■ 25% of carboxvli c Qtoups sallfied with streptomvcine . 

ther^^^vlf^'^lT'"* ^''^ solubllized in 20 ml of water. The solutior, of eluted in a 

thermostatic column at 5 • containing 2 ml of quaternary ammonium resin (Dowex 1 x 8) in OH-fom, 

The sulphate-free eluate is gathered in a thermostatic container at a temperature of 5 • 
monnmlri^ f Tr ^^^^ °* ^5% sodium Salt (corresponding to 1 m.Eg of a 

e~ a thelotSr , ^^'"""'^^ '"^ T^^^ solution is 

^.e soSuTJ^ 1^"^"" l""!"™* ' °' 50 X 8) in form. 

showTr^m^rfcIflf^^^^ """P^'^'" "'"^ streptomycine standard, 

content °' streptomycine base, corresponding to the theoretically calculated 

^^°P^^^"° " °^ tf'^ < P^ rt ial and mixed ethanol and fluorocortisone esf, r. (C^,) of alginic acid 

ir^ss s:-:::;."' • ^-p- este.ied:;h;,orr s 

inq to?0 m°LrX^"^'^'"°"'"'" °' ^"'^ '^^"^ Laminaria hyperborean correspond- 

SeLf?nIf',° HH TTk °' climeth yls»lfoxideat25-.0.62 g (4 m Eq ) 

Of ethyl iodide are added and the solution is kept for 24 hours at 300 9 "" cq-; 

is JpHo?24 -dio^3. 20-dlone are added and the solution 

t'Xrurdrd rigrouTa,^?;." " - - ^-^^^ 

rfp J;! „i°' f "'^^'^ fluorocortisone ester in the title are obtained Quantitative 

racZwIl S^r°"'' T '^^''"'^^'^ ^'"^ hydroalcoholic solS of Na."rL 

extraction with chloroform, is carried out according to British Pharmacopea 1 980 «z ^ u 

^ ^^'"P'g - Preparation of th e (partial) fluorocortisonB >«tB r« /Qj,) of alqinic acid - 20"/ nf «^Brifi«H 
carboxylic grouos ■ 80% of salified car hoxylic groups fNa) . °' a*??'"'^ acid 20/. of estenfied 

ing to?0 m^LT^oH'^r'^'""""""'" °' "9'"'" '"^"P^^^ '^""^ Laminaria hyperborea ) correspond- 
« X-lSoToS' llT ^® °' d""eth ylsuHoxideat 25'.0.^ g (2 rJ.Eq ) 

fzLtS^r. '^''^"""^^ 17-dioM.20Kfione are added and the resulting solution's kept for 

is slirpTred S2irmTof'l? "1°' ^ ^ g of sodium chloride and the resulting mixture 
Lr^ V7!r • °* agitation. A precipitate is formed which is filtered 

Tedrei^hriToraraor ^^^^'-^'^ ^''^ — andlXai' 

wSd^iS 2 i"m 7 f ^ ! ^""^^ P^P'««*» v^'ch Is filtered and 

S ft p^hn Tn"" 5:1 and three times with ICQ ml of acetone and finally vacuZ 

dned for 24 hou.^ at 30 M .5 g of the partial fluorocortisone compound in the titte are obtained 

N^^S^^Z^TTl? «r"^'««>"^ -"^a'- hydrolysis with hydroSoHc solution of 

NaeCO, and extraction with chloroform, is carried out according to British Pharmacopea. 1980. p. 198. 

B(ample 26F ■ Preparation of the (mixed) ethanol and h ydrocortisone esters la.,^ of alginic acid - 80% of 
oarDoxylic flroups estenfied with ethanol .'20% of c:;N,x:iic .^,n..n. .^ntied ^Hh hv!irlT.^ ?7r^ 

ino ti?o m°Lro?r*^""""°"'"'" °' ^'^ <P^^P^^ fr"'" Laminariahypert>orea ) correspond- 
1? !k ^" °* " "^o-^enc unit are solubilized in 210 ml of dimeth ylsulfoxide ^25' ^A omT^x 

of ethyl iodide are added and the solution is kept at 30 • for 12 hours ^ at 25 . 1 .25 g (8 m.Eq.) 
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for 24lfoJrfat'30^.'''' 21-bromo^pregnene-11/J. 17o-diol-3^ione are added and the solution is kept 
A solution is then added containing 100 ml of water and 5 g of sodium chloride and the resulting 
2?»hM'h ^^kTu"* °* ""^^'""^ ^<'"5»^' agitation. A precipitate is formed which is 

JldlJr ^'«^ °' acetone/water 5:1 and three times with 100 ml of acetone 

and finally vacuum dried for eight hours at 30 • . 

^Jlt? " hydrocortisone ester compound in the title are obtained. Quantitative 

!L M ^ "y^^'ys's hydroalcohoUc solution of Na^COa and 

extraction with chloroform, is carried out according to British Pharmacopea, 1980 

Example 26G - Preparation of th e (partial) hydrocortisone esters lO,. \ of alginic acid - 20% of esterified 
carboxvlic groups - 80% of salified carboxylic orouos fFtey ^ g c acio ^o% ot estenfied 

inn fo^n^^'p'^ tetrabutylammonium saK of alginic acid (prepared from Microcystis pyrifera) correspond- 
m plV?oT ?' ! "'°"0'"enc unit are solubilized in 350 ml of dimethylsulfoxide at 25-. oiso^ (2 
SafsJ. ^^''■^'°'-3'20^'°"« ««ded and the resulting solution is kept for 24 

,nivf^r<f°'"*?" .'^ containing 100 ml of water and 5 g of sodium chloride and the resulting 

L^um rtriJ, . r °' ^'=«''>"^«t«^ 5:1 and three times with acetone and finally 

vacuum dried for eight hours at 30 * . ^ 

slowlv ™?^.''i"l^n ^ °' 'Chloride and the solution is 

wS^J Jce wTh loTr f ^'f agitation. A precipitate is formed which is filtered and 

S for?; houi al 30V """^^ acetone and finally vacuum 

3 g of the partial hydrocortisone compound in tiie title are obtained 
Na^S^^Z^TlTf hydrocortisone after mild alkaline hydrolysis with hydroalcoholic solution of 
NajCO, and extraction with chloroform, is carried out according to British Pharmacopea. 1980. p. 224. 

■^S.^^" ' ''^ff °* <'"'^^d) ethanol and fl u orocortisone ester (C^Q of aloinic acid - 80% of 
carboxylic groups esterified with etiianol ■ 20% orcartx)xylic gr oups esterified with fluorcSortisone ((T) ' 

inn °* "^%'«<^«''"»y'ammonium salt of alginic acid (prepared from Macrocystis pyrifera ) correspond- 

ZV^ ^ "'0"0'"eric unit are solubilized in 210 ml of dimetiiylsulfoxide at 25M.25 g (8 m Eg ) 

of ethyl iodide are added and ttio solution is kept for 24 hours at 30 • ■ 9 m.cq., 

is kepfL'24%l'r^i,°i?^: «"°'°-21-''«""'^«9'«ne11/,.l7a-diol-3,20^ione are added and the solution 

miWMr«t"*'r "'^V^^^®'^ containing 100 ml of water and 5 g of sodium chloride and the resulting 
mixture ,s slowly poured into 2.000 ml of acetone under constant agitation. A precipitate is formed whfeh is 

andfilr o' acetone^^ater 5:1 and three Les with lOoTof Sne 

and finally vacuum dried for eight hours at 30 • . owwno 

1.7 g of tt» mixed ettianol and fluorocortisone ester compound featured in the title are obtained 
of N« p^^'^"? °' fluorocortisone. after mild alkaline hydrolysis wiUi hydroalcoholic' solution 

01 N^COi and extraction with chloroform, is canried out according to British Pharmacopea 1980 

[Ana? cC'S.lSrS 0961)7 '"'^ '^""^ '° " ^"^ ""^ 

Example 261 - Preparation of tiie (partial and mixed) e t hanol and hydrocortisone ester (C.l of aloinic acid - 
40 /, of cartx>xylic groups esterified wWi ettianol - 20% of c arboxylic groups est erified witii hydrocort ii^ 
(Cat ) - 40% of salified carboxylic groupsTNa) ] " y »v.».u»»no 

inn .o?n^ o» the tetrabutylammonium saK of alginic add (prepared from Macrocystis pyrifera) correspond- 
ing to 0 m.Eq. of a monomeric unit are solubilized in 210 ml of dimettiylsuHoxide at 25 * 062 o (4 rnEo \ 
of ethyl iodide are added and the solution is kept for 24 hours at 30 • • " o* 9 t-* nr>.tq.) 

for24?o?rJltM^:^ 21-bromo-4.pregnene.11/9. 17«.dio|.3^ione are added and the solution is kept 
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A solution IS then added containing 200 ml of water and 5 g of sodium chloride and the resulting 
mixture is slowly poured Into 2,000 ml of acetone under constant agitation. A precipitate is formed which is 
filtered and washed three times with 100 ml of acetone/water 5:1 and three times with 100 ml of acetone 
and finally vacuum dried for eight hours at 30* . 

1.7 g of the partial and mixed ethanol and hydrocortisone ester compound in the title are obtained. 

Quantitative determination of hydrocortisone, after mild alloline hydrolysis with hydroalcoholic solution 
of Na2C03 and extraction with chloroform, is canied out according to British Pharmacopea. 1980. 

Quantitative determination of the ethoxyls is carried out according to R.H. Cundift and P.C. Markunas 
[Anal. Chem. 1 028-1 030 (1 961 )]. 

Pharmaceautical Preparations of the Alginic Esters : 

One object of the present invention is the phanmaceutical preparations containing one or more alginic 
acid esters as described above or medicaments resulting from the association of one such ester with a 
pharmacologically active substance as described above, that is medicaments In which the alginic ester acts 
as a vehicle for the active substance. 

The pharmaceutical preparations containing therapeutically active alginic esters, possibly in the form of 
the above medicaments resulting from the association of components (1) and (2). contain the usual 
excipients and may be destined for oral, rectal, parenteral, subcutaneous, local or intradermal use. They are 
therefore in solid or semlsoKd form, for example pills, tablets, gelatin capsules, capsules, suppositories soft 
getetin capsules. For parenteral and subcutaneous use it Is possible to use forms Intended for intramuscular 
and intradermal administration, or suitable for Intravenous infusion or Injection. It is therefore possible to 
present active compounds as solutions or as freeze-dried powders to unite with one or more excipients or 
diluents acceptable from a pharmaceutical point of view and convenient for the above uses and of 
compatible osmolarity with the physiological fluids. For local use. preparations in spray form should be 
considered, for example nasal sprays, creams or ointments for topical use or suitably prepared plasters for 
intrademnal administration. 

The preparations of the invention may be intended for administration to man or animal. These contain 
preferably between 0.01% and 10% of active component for the solutions, sprays, ointments and creams 
and between 1% and 100% and preferably between 5% and 50% of the active compound for the 
preparations in solid form. The dosage to be administered depends on the particular indication, on the 
desired effect and chosen administration route. The daily dosage of these preparations may be estimated 
from those in use for the corresponding known preparations for the corresponding cures of the 
therapeutically active alcohol, whose action is to be exploited. In this way. for example, the dosage of an 
alginic ester with cortisone may be derived from its content in this same steroid and from its usual dosage 
in the known pharmaceutical preparations. 

One particular form of pharmaceutical preparations is represented by the abovesaid medicaments 
consituted by the association of an alginic ester and an active substance, for example for topical use These 
rnay also be in solid fomfi. for example as freeze-dried powders containing only the two components (1) and 
(2) as a mixture or separate. When these medicaments in solid form come into contact with the epithelium 
to be treated, they form more or less concentrated solutions according to the nature of the particular 
epithelium to be treated, with the same characteristics as the solution previously prepared in vitro and which 
represent another particularly important aspect of the present Invention. These solutions are preferably 
made with distilled water or sterile saline and preferably contain no other pharmaceutical vehicle except the 
alginic ester or one of its salts. 

The concentrations of these solutions may also vary greatly, for example between 0.01 and 75% both 
for each of the two components considered separately, and for their mixtures or salts. Preference is given in 
particular to solutions with a pronounced elastic-viscous character, for example with a content of between 
I0/o and 90% of the medicament or of each of its components. 

Of particular importance are medicaments of this type, both in anhydrous form (freeze-dried powders) 
or as concentrated solutions or diluted in water or saline, possibly with the addition of additive or auxiliary 
substances, such as in particular disinfectant substances or mineral salts acting as buffers or others, used 
for ophthalmic purposes. 

Of the medicaments of the invention, those to be chosen, as the case may be. are those with a degree 
of acidity suitable for the zone to which they are to be applied, that is with a physiologically tollerable pH 
Adjustment of the pH, for example in the above mentioned salts of the alginic acid esters with a basic active 
substance, may be effected by suitably regulating the quanttites of polysaccharide, its salts and of the 
basic substance itself. In this way. for example, if the acidity of an alginic ester salt writh a basic substance 
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exllXm t!!*''^'" V'^^ ^'^'^ ^"^^ ^ ^ '^i* above mentioned inorganic bases, for 

example with sodium, potassium or ammonium hydrate. 

into^S'ii.l^^ '^'"^ *° ^ "'"y '^"^ °"t known way. by bringing 

ZZ^S^T^ '''"T °' °^9anic soK^ents of the two components (1 and (2) J 

aZiSL in^^ T w " °' '"^""""^ «arth metals or magnesium or 

(1) L^pr fr?Bi!„ .hT?' '° °' ^' ^'"ti""^ °f It'e components 

IniCtS JrjoTu^^^^^ """^ """"^^ "^"^^ ion-exchangers, 

a^ eLlv Si.w!^^^ low temperature, for example between 0- and 20Mf the salts thus obtled 
are easily soluble in water it is freeze-dried. while salts with poor solubility can be seoarated bv 
centrifugation or filtration or decantatlon and possibly subsequently dr^d ^ 
^ndl"' "ir^ associated medicaments too. the dose is based on that of the active principles used sinalv 

cal preparations. Above all are used creams, ointments, lotions for topical use In whi* the iE^^Jr 
acZ SnciL"''. "^"^ "'""^P'^ '^^'"y "'^ addition ofleT^::;^^^^^^^ 

SuslvTcSL r ""^"^ "''^P'^ pregnenolone, or one of the principles 

a cohol. such as dexpanthenol. or also an ester with an alcohol having no cosmetic action such as a lower 
CLl.^ Po'y.saccharide component, such as in the case of free alginic acid or ^ i s s^te " 

Tubst^^c^ Tll^ir ^ ■ regenerating or antiwrinkle substances, or odoriferous 

deSrf^' ttX? ^T^'- "'9'"'*= ^'"'^ "^ay ^9^" f e the active ingredient ^d 

alTolsTthf ct?„r\ ^''^'"P'" '^^-^ ^'9^^^ ««P'^a«'^ «'«>hols or terp^e 

alMhols m the case of perfumes or act above all as vehicling substance for instance with those prooertes 

red?j;:nn:rjid rb'*- •^^^-j-'^r'"'^"* ^^^^'^^ ^^-^'^ compositii:^i,rne 

^^^TJlT Pharmaceutically active component (1) is substituted by a 

H !^ ^"'^ ""^ '^'P^'^^^ °' esters deriving from alcohols used In the 

^T^^^T','^'^^"'^ ^ ^''^^ t^ a^«"«=e °' •ecf'niq'^e. Since it allows a stow a,nsti,^ 

and protracted release of the odoriferous principles i a»ows a siow. constant 

F?mu?S? 7„ "^"'"^ T^P'^'^ pharmaceutical preparations according to the invention. 
Pormulation 1 - Collinum containing cortisone of which 100 ml contain: 

- partial ester of alginic acid with cortisone, gr. 0.200 

- ethyl p. hydroxybenzoate, gr. 0.010 

- methyl p. hydroxybenzoate, gr. 0.050 
• sodium chloride, gr. 0.900 

- water for injectable preparations/q.b.a, ml. 100 

formulation 2 - Injectable solution containing hydrocortisone of which 100 ml contain- 

- partial ester of alginic acid with hydrocortisone, gr. 0.1 

- water for injectable preparations/q.bA. ml 100 

^"^f °" ^ ■ """^"'"S a P^a' «ster of alginic acid with ethyl alcohol, of which 100 gr. 

- partial ester of alginic acid with ethyl alcohol, gr. 0.2 

- Polyethyleneglycol monostearate 400. gr. 10.000 

- Cetiol V. gr. 5.000 

- Lanette SX, gr. 2.000 

- Paraoxybenzoate of methyl, gr. 0.075 

- Paraoxybenzoate of propyl, gr. 0.050 

- Sodium dihydroacetate. gr. 0.100 

- Glycerine F.U.. gr. 1.500 

- Sorbitol 70. gr. 1.500 

- Test cream, gr. 0.050 

- Water for injectable preparations/q.b.a., gr. 100.00 
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Medical Articles Containing the Alginic Esters : 

One important application of the present invention regards the sanitary and surgical articles already 
described, the methods for their manufacture and their use. The invention therefore includes all the articles 
similar to those already on the market made with alginic acid but containing an alginic ester or one of its 
salts in place of the free acid or one of its salts, for example inserts or ophthalmic lenses. 

Completely new surgical and sanitary articles according to the present invention are represented by the 
esters of alginic acid regenerated as such from appropriate organic solutions and capable of being made 
into sheet and thread form, thus obtaining films, sheets and threads for use in surgery, as skin auxiliaries 
and substitutes in cases of serious damage to this organ, such as for example following burns, or as suture 
threads in surgical operations. The invention includes in particular these uses and a preparation procedure 
for such articles consisting in the formation of a solution of alginic ester or of one of its salts in an 
appropriate organic solvent, for example a ketone, an ester or an aprotic solvent such as an amide of a 
carboxylic acid, especially a dialkylamide or of an aliphatic acid with between 1 and 5 carbon atoms and 
deriving from alkyi groups with between 1 and 6 carbon atoms, particularly by an organic sulfoxide, that is a 
dialkylsulfoxide with alkyI groups with a maximum of 6 carbon atoms, such as especially dimethylsulfoxide 
or diethylsulfoxide and most preferably a fluorurate solvent with a low boiling point, such as especially 
hexafluoroisopropanoi 

The Invention then consists In making these solutions into sheets or threads and in removing the 
organic soh^ent by contact with another organic or aqueous solvent, capable of being mixed with the first 
solvent and in which the alginic ester is not soluble, especially a lower aliphatic alcohol, for example ethyl 
alcohol (wet spinning), or should a solvent with a fairly low boiling point have been used to prepare the 
solutions of alginic derivative, in removing such solvent under dry conditions with a current of gas. and 
especially suitably heated nitrogen (dry spinning). Excellent results can also be obtained with dry-wet 
spinning. 

The threads obtained with the alginic acid esters may be used for the preparation of gauzes to be used 
for the medication of wounds and in surgery. These gauzes have the exceptional advantage of biodeg- 
radability in the organism, made possible by the naturally existing enzymes. These enzymes divide the 
ester into alginic acid and the corresponding alcohol, when an alginic ester deriving from a therapeutically 
acceptable alcohol is used, such as ethyl alcohol. 

These gauzes and also the aforesaid threads may therefore also be left inside the organism after 
surgery, being then slowly absorbed after the previously mentioned process of degradation. 

In the preparation of the aforesaid sanitary and surgical articles, it is convenient to add plastlcizing 
materials in order to improve their mechanical characteristics, as in the case of threads, to improve their 
resistance to knots and tangles. Such plasticizers may be for example alkaline salts of fatty acids, for 
example sodium stearate or sodium palmitate. the esters of organic acids with a high number of carbon 
atoms, etc. Another application of the new esters is represented by the preparation of capsules for 
subcutaneous implantation of medicaments or of microcapsules for injection, for example by subcutaneous 
or Intramuscular route, where their biodegradability is exploited by the esterases present in the organism. 

Of great importance also is the preparation of microcapsules made with alginic esters, solving the 
problems previously connected with their use. up till now very limited, for the same reasons as those set 
out previously, opening up a wide field of application where a "retard" effect is desired after administration 
by injection. 

A further application of the new esters in the field of medicine and surgery involves the preparation of a 
wide variety of solid inserts such as plates, discs, laminas, etc. substituting for ttiose made of metal or 
synthetic plastic material already in use. in cases where such inserts are to be removed after a certain 
period of time. Preparations based on animal collagens. being of a proteinaceous nature, often give rise to 
unpleasant reactions, such as inflammation or rejection symptoms. In the case of alginic esters, this danger 
does not exist. 

Part of the applications in the medical-surgical field of the new esters according to the present 
invention, concerns preparations using expansile material, especially in tiie form of sponges, for the 
medication of wounds or various types of lesion. 

The following preparations exemplify the medical articles according to the invention containing the 
alginic esters. 
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Example 27 • Preparation of films using esters of alginic acid . 

A solution is prepared In dimethylsulfoxide of the n-propyl ester of alginic acid with a concentration of 
180mg/ml. 

By means of a stratifier, a thin layer of solution Is spread on a glass sheet; the thickness must be 10 
times greater than the final thickness of the film. The glass sheet is immersed in ethanol which absorbs the 
dimethylsulfoxide but does not solubilize the HY ester which becomes solid. The film is detached from the 
glass sheet, is repeatedly washed with ethanol, then with water and then again with ethanol. 

The resulting sheet is dried in a press for 48 hours at 30 • . 

Example 28 - Preparation of threads using esters of aiginic acid . 

A solution is prepared in dimethylsulfoxide of the benzyl ester of alginic acid with a concentration of 
200 mg/ml. The solution thus obtained is pressed by means of a pump through a threader with 0.5 mm 
holes. 

The threader is immersed in ethanol/dimethylsulfoxrde 80:20 (this concentration is kept constant by 
continuous addition of ethanol); when the solution In dimethylsulfoxide is soaked in this way it tends to lose 
most of the dimethylsulfoxide and the thread solidifies. 

The thread is stretched while it still has a content of dimethylsulfoxide. is then repeatedly stretched and 
washed with ethanol. The thread is dried in nitrogen current. 

Example 29 - Preparation of a spongy material made with alginic esters . 

1 g of benzyl ester of alginic acid in which all the carboxylic groups are esterified (obtained for example 
as described in Example 23) are dissolved in 5 ml of dimethylsulfoxide. To each 10 ml of solution prepared, 
a mixture of 31.5 g of sodium chloride with a degree of granularity corresponding to 300u. 1.28 g of sodium 
bicarbonate and 1 g of citric acid is added and the whole is homogenized in a mixer. 

The pasty mixture is Stratified In various ways, for Instance by means of a mange consisting of two 
rollers which turn opposite each other at an adjustable distance between the two. Regulating this distance 
the paste is passed between the rollers together with a strip of silicone paper which acts as a Support to 
the layer of paste thus formed. The layer is cut to the desired dimensions of length and breadth, removed 
from the silicone, wrapped in filter paper and emerged in a suitable solvent, such as water. The sponges 
thus obtained are washed with a suitable solvent such as water and possibly Sterilized with gamma rays. 

Example 30 - Preparation of a spongy material made with alginic acid esters . 

In the manner described in Example 29. It is possible to prepare spongy materials with other alginic 
acid esters. In the place of dimethylsulfoxide it is possible to use. if desired, any other solvent capable of 
dissolving the chosen ester. In the place of sodium chloride it is possible to use any other solid compound 
which is insoluble in the solvent used to dissolve the hyaluronic acid ester, but which is however soluble in 
the solvent used to precipiate the hyaluronic ester after the above mentioned mechanical treatment, and 
finally which has the correct degree of granularity to obtain the type of pores desired in the sponge 
material. 

In the place of sodium bicarbonate and citric acid It is possible to use other couples of similar 
compounds, that is. compounds which react to each other in suspension or solution of the solvent used to 
dissolve alginic acid in such a way as to form a gas. such as carbon dioxide, which has the effect of 
producing a less compact spongy material. In this way it is possible to use. in the place of sodium 
bicarbonate, other bicarbonates or alkaline or alkaline earth carbonates and in the place of citric acid other 
acids in solid form, such as tartaric acid. 

The invention being thus described, it will be obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the art are intended to be included within the scope of 
the following claims. 

Claims 

1. Phanmaceutical compositions comprising a partial ester of alginic In which alginic acid is esterified from 
5 to 90%, inclusive, of its carboxy groups with one or more alcohols selected from the group consisting 
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of: 

a) aliphatic alcohols with a maximum of 34 carbon atoms; 

b) araliphatic alcohols with only one benzene ring and In which the aliphatic chain has a maximum of 
4 carbon atoms; 

c) cycloalrphatic or aliphatlc-cycloaliphatic alcohols which is mono- or polycyclic with a maximum of 
34 carbon atoms; or 

d) heterocyclic alcohols with a maximum of 34 carbon atoms and the hetero atoms are selected 
from the group consisting of oxygen, sulfur and nitrogen. 

or a salt of said partial ester with an inorganic or organic base, optionally together with a pharmaceuti- 
cally active substance and optionally together with a phannaceutlcally acceptable excipient. 

2. Pharmaceutical compositions according to claim 1, wherein: 

a) the aliphatic, cycloallphatic, aliphatic-cycloaliphatic and heterocyclic alcohols are substituted by 
one or two functional groups selected from the group consisting of amino, hydroxy, mercapto. 
aldehyde, keto. carboxy. hydrocarbyl. dihydrocarbylamino. ether, ester, thioether. thioester, acetal, 
ketal. carbalkoxy and carbamidic groups and carbamidic groups substituted by one or two alkyi 
groups, one or two hydroxy groups, the hydrocarbyl radicals in these functional groups having a 
maximum of 14 carbon atoms; and 

b) the araliphatic alcohols are substituted in the benzene residue with 1-3 methyl or hydroxy groups 
or halogen atoms or substituted In the aliphatic portion with one or two functional groups selected 
from the group consisting of ethyl, diethyl, pyrrolidine and piperidine groups. 

Pharmaceutical compositions according to claim 2, wherein, in the alcohols: 

a) said hydrocarbyl radicals of said functional groups are Ci -g alkyI groups; 

b) said amino or substituted carbamidic groups are Ci-s alkylene amine , or Ci-s alkylene 
carbamidic groups; 

c) said cycloallphatic. aliphatic-cycloaliphatic or heterocyclic alcohols are monocyclic with a maxi- 
mum of 12 carbon atoms and the ring has between 5 and 7 carbon atoms. 

Pharmaceutical compositions according to claim 1. wherein the aliphatic radical of said alcohol derives 
from a member selected from the group consisting of ethyl, propyl, Isopropyl. n-butyl. isobutyl. tert- 
butyl. amyl. pentyl. hexyl or octyl alcohol, glycerin, tartronic alcohol, lactic acids, glycolic acid, malic 
acid, tartaric acid, citric acid, aminoethanol, aminopropanol. n-aminobutanol or their dimethyl or diethyl 
derivatives in the amino function, choline, pyrrolidinyl-ethanol. piperidinylethanol. piperazinyl-ethanol. 
piperazinyl-n-propyl, piperazinyl-n-butyl alcohol, monothioethyleneglycol or its lower alkyI derivatives in 
the mercapto function, cetyl alcohol, myristyl alcohol, citronellol. geraniol. nerolidol, linalool. farnesol 
and phytol. 

5. Pharmaceutical composition according to claim 1. wherein said alcohol is selected from the group 
consisting of benzyl alcohol, phenethyl alcohol, ephedrine. adrenalin, from the group formed by 
cyclohexanol. cyclohexanediol. 1 ,2.3-cyclohexanetriol. 1 ,3.5-cyclohexanetriol. inositol, carvomenthol, 
menthol, o- and -y-terpineol. 1 -terpinenol, 4-terpinenol. piperitol, 1.4- and 1.8-terpin, thujanol, sabinol! 
pinol hydrate, D and L-borneol, D- and L-isoborneol. cholesterol, dihydrocholesterol. ^ epi- 
dihydrocholesterol, coprostanol. epi-coprostanol. sitosterol, stigmasterol, ergosterol. deoxycholic acid, 
lithocholic acid, estriol. estradiol, estratriol. equilenin. equilin. the methyl derivatives in position 7 of 
estriol. estradiol, estratriol. equilenin or equilin, and ethynyl or propynyl derivatives in position 17 of 
estriol. estradiol, estratriol or equilin. 

6. Pharmaceutical compositions according to claim 1, wherein the alcohol Is a member selected from the 
group consisting of pregnenolone, pregnanediol, testosterone, 17-a-methyltestosterone, 1,2-dihydro- 
testosterone, 17-a-methyl-1,2-dehydrotestosterone. 17-a-ethynyltestosterone. 17a-propynyltestosterone. 
norgestrel. hydroxyprogesterone, 1 9-nortestosterone. 1 9-nor-l 7a-methyl-testosterone. 1 9-nor-1 7- 
ethynyltestosterone. cortisone, hydrocortisone, prednisone, prednisolone, fluodrocortisone. dex- 
amethasone. betamethasone, corticosterone. deoxycorticosterone, paramethasone. flumethasone. 
fluocinolone. the acetonide of fluocinolone. fluprednylidene, clobetasol, beclomethasone. genins of 
cardioactive glycosides, axerophthol, calciferol and vitamins Dg, D3 and D*. aneurine. lactoflavine. 
ascorbic acid, riboflavine. thiamine and panthothenic acid. 
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7. Pharmaceutical compositions according to claim 1. wherein the alcohol is a member selected from the 
group consisting of alkaloids, phenylethylamines. phenothiazine drugs, thioaxanthene drugs, anticonvul- 
avante. antipsychotics, antiemetics, analgesics, hypnotics, anorexics, tranquilizers, muscle relaxants 
coronary vasodilators, adrenergic blockers, narcotic antagonists, antineoplastics, antiobiotics. antivirals 
penpheral vasodilators, carbonic anhydrase inhibitors, antiasthmatics, anti-intlammatories and sul- 
famidics. 

& Phamfiaceutical composllions comprising a salt of a partial ester of alginic acid according to any one of 
Claims 1-7 wherein the salt is derived from alkaline and alkaline earth metals, magnesium or aluminium. 

9. Pharmaceutical compositions comprising a salt of a partial ester of alginic acid according to any one of 
claims 1-7 wherein the salt is derived from aliphatic, araliphatic. cycloaliphatic or heterocyclic amine 



»5 m Pham[»aceutical compositions according to claim 9. in which the amines are therapeutically acceptable 



!'^f"^f ^"l-f ' co-npositions according to claim 10 in which the amines are chosen from the grou 
ITJT"^, P^Pt^l^s. phenothiazine. bensodiazepine, thioxanthene. hormones, vltarnins. 

^convulsants. antipsychotics, antiemetics, anesthetics, hypnotics, anorexics, tranquilizers, muscle 
retexairts, coronary vasodilators, antineoplastics, antibiotics, antibacterials. antivirals, antimalarials, car- 
bonic anhydrase inhibitors, non-steroid antiinflammatories, vasoconstrictors, cholinergic agonists 
cholinergic antagonists, adrenergk: agonists, adrenergic blockers and narcotic antagonists. 

25 12. Phannaceutical compositions according to claim 1. wherein at least one of said alcohols or said 
inorganic or organic bases is derived from a therapeutically active compound. 

13. A process for the preparation of partial esters of alginic acid of claim 1 which comprises reacting in an 
30 ^^TJLTlIT^^"^ ammonium salt of alginic acid with an esterifying agent and. optionally. 
30 saiigying the free carboxy groups in the obtained esters. 

14. A process according to claim 13. wherein said organic solvent is an aprotic solvent. 
^ 15. A process according to claim 14. wherein said aprotic so^ent is dimethylsulfoxide. 

^"^'^'"^ °^ °' ^"^""^ ^^^5' ^ quaternary ammonium salt is a lower 

tetraalkyi ammonium saK of alginic acid. 

« alghS!^^ ^"^"^'"^ *° ^^'"^ quaternary ammonium salt is tetrabutylammonium 

ia A process according to claim 13. wherein said quaternary ammonium salt of alginic add is prepared by 
^mg an alkali metal salt of alginic acid through a quaternary ammonium saH ion exchange resin, and 
recovenng said quaternary ammonium salt of alginic acid. 

45 

19. A process according to claim 13. wherein said esterifying agent is a compound of the formula 
A-X (I) 

jSlLi^L^Jj "^^1 f^^'^ ^^"^ °' ^«P'^«»'«^- araliphatic. cycloaliphatic. 

tS!^^? '^''^^ «hat an alcohol AOH is an alcohol as defined in Cteim 1. 

ahd). and X is a halogen atom. 

20. A cosmetic article containing a partial ester of alginic acid of claim 1. 

21. A sanitary or surgical article comprising a partial ester of alginic acid of claim 1. 
2Z A sanitary or surgical article according to claim 21 wherein the article is a film or thread. 
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2a A method for using films of alglnic acid esters according to claim 22 as artificial skin. 

24. A method for using threads of alglnic acid esters according to claim 22 as suture threads in surgical 
operations. 
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